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ABSTRACT

This thesis uses the Ada programming language in the design and development

of an air-to-air missile flight simulation with object oriented techniques and sound

software engineering principles. The simulation is designed to be more

understandable, modifiable, efficient and reliable than earlier FORTRAN

simulations. The principles of abstraction, information hiding, modularity, high

cohesion and low coupling are used to achieve these goals. The resulting simulation

is an accurate mapping of the problem space into software. The simulation is a three

Degree-of-Freedom (3-DOF) model of RF/IR guided air-to-air missile. Two targets

are also modeled. The simulation is primarily intended to study missile kinematics.
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I. INTRODUCTION

A- BACKGROUND

The ever increasing cost and complexity of modem weapon systems forces new

demands on the test and evaluation (T&E) process. More extensive testing is

required with fewer resources. This thesis explores one aspect of the T&E process

as it relates to air-to-air guided missiles.

In the early days of missile T&E (circa late 1940s), missile performance capability

was determined solely through flight test, that is, actual missile launches. The

realization that all the T&E data requirements could not be met with a limited

number of launches led to captive-carry flight test, laboratory testing, and simulation

to complement the missile launches. Today's data requirements have grown in

response to the increased missile sophistication and mission complexity. It is not

unusual for a single flight test to cost more than a million dollars. Due to the

increased data requirements and increased cost of flight test, missile flight simulation

is receiving more and more attention.

There are three levels of missile flight simulation in terms of cost and complexity.

Real-time hardware-in-the-loop (HIL) simulation integrates actual missile hardware

with special test and instrumentation equipment in a laboratory environment. The

simulation software typically runs on a high-speed special purpose computer that

drives the test equipment and missile hardware. The real-time HIL simulation
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requires a major development effort of approximately thirty-five to forty man years

and costs from five to ten million dollars [Ref. 1]. The second level of simulation is

the all digital six-degree-of-freedom (6-DOF) missile flight simulation. Six-degree-of-

freedom indicates that the simulation computes forces and moments for all three

axes. The 6-DOF simulation incorporates sophisticated models for various missile

subsystems and runs on a mainframe class computer. The 6-DOF runs many times

slower than real-time. For example, an actual missile flight that might take thirty

seconds to complete in real-time might take eighteen hours to run to completion

using a 6-DOF simulation. The 6-DOF simulation requires a development effort of

4-6 man years.

This thesis will concentrate on the third level of simulation, the fast analytical

simulation (FAS). Simulations of this class are a rapid and inexpensive tool allowing

missile systems analysts to study overall missile response or capability expeditiously.

The FAS is a three degree-of-freedom (3-DOF) simulation, usually the forces are

computed for all three axes (the moments are ignored) and a three dimensional

space is represented. Alternately, a 3-DOF might represent a planar two

Cdmensional view where forces acting on two axes are computed while moments are

computed about the remaining axis. The FAS is intended to be easily accessible via

personal computers to provide results in a timely fashion. A user enters initial

conditions and results are presented within a few minutes.
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B. CURRENT PRACTICES: PROBLEMS AND LIMITATIONS

The same problems are common to all three levels of missile flight simulation.

Tae basic problems are that the simulations are extremely difficult to understand and

to modify. The causes of these problems stem from the methods (or more accurately

the lack of methods) and language used to implement the simulations. The difficulty

in understanding and modifying the simulations introduces problems with efficiency

and reliability.

The simulations are usually developed by physicists or aerospace engineers using

the FORTRAN programming language. Their main goal is "just to get something up

and running". Typically these people have little or no training in modern software

engineering principles. The resulting simulations are poorly structured and violate

most commonly accepted programming principles. Typical characteristics of these

simulations are:

1. The simulations are monolithic pieces of code using many GOTO statements.

2. Most variables are treated as global.

3. Common data areas are used for communication between subroutines.

4. Cryptic variable names are used (FORTRAN variable names are limited to six

characters).

5. The simulations are limited to very simple data structures (multi-dimensional

arrays are usually the most sophisticated data structures found).

6. Programming through side is common.

7. The simulations have little or no comments or formal documentation.
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The new analyst will usually require at least six months to gain a basic

understanding of how the simulation works, even if he or she has an excellent

understanding of missile systems. An understanding of the simulation is critical if

results are to be interpreted correctly. It is not uncommon for the original

developers of a simulation to move on to other jobs, leaving the analysts responsible

for maintaining and modifying the simulation. Changes in the production missile's

software or hardware, regularly occurring events, must be accurately reflected in the

simulation code. Changes or patches introduced to the simulation code invariably

make the code more obscure and, more often than not, produce undesirable side

affects or bugs. Debugging these types of problems is incredibly time consuming and

difficult.

After numerous patches have been applied the simulation software becomes

unreliable and inefficient. Wildly different results are obtained for slightly different

initial conditions. The real-time HIL simulations no longer run in real-time. The

6-DOF simulations may take days to solve a problem and the 3-DOF FAS

simulations take hours - what once required hours and minutes respectively. Disk

and main-memory capacity become issues. What was once a tool enabling scientists

and engineers to analyze complex systems has become an unwieldy demanding

burden of questionable value.
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C. MOTIVATION AND GOALS

Current missile flight simulations are difficult to understand and modify, hence

inevitably become inefficient and unreliable. What is needed is a method that more

closely represents the problem space allowing simulations to be developed that are

easy to understand and modify. This thesis will explore the use of object oriented

techniques using the Ada programming language, in conjunction with contemporary

software engineering principles, to implement a missile flight simulation. This

simulation should be easily understood in a reasonable amount of time and readily

accommodate change. Additional goals include producing code that is efficient and

reliable.

D. THESIS ORGANIZATION

Chapter II presents a brief view of object oriented development philosophy and

technique using Ada. Chapter III discusses the problem space, the flight simulation

of an air-to-air guided missile. Chapter IV presents a user-level view of the

simulation. Chapter V concentrates on the simulation control and support objects,

while Chapter VI discusses the missile, launcher, and target objects. Thesis

conclusions and recommendations are presented in Chapter VII.
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II. OBJECT ORIENTED TECHNIQUES WITH ADA

A. OBJECTIVES OF OBJECT ORIENTED TECHNIQUES

The goal of object oriented techniques is to produce software that is

understandable, easy to modify, efficient, reliable and reusability. Object oriented

techniques build on sound software engineering principles to encapsulate data and

procedures into objects. Object oriented techniques, which capture the real world

problem space, map well into the Ada programming language.

1. Understandability

Understandability is critical to the management of complex software systems.

It is, without a doubt, the most important factor of a simulation to an analyst or

person responsible for maintaining the simulation. The software solution, that is the

simulation, should be an accurate model of the real world problem. Software can

be thought of as being understandable on both a micro and macro level. Code at the

micro level should have a style that is very readable. At the macro level data

structures and algorithms should be able to be identified as mapping from the real

world problem space. Understandability also tends to be tied to the programming

language used and its richness of expression.

2. Modifiability

Well designed software should readily permit change. Modification is usually

required due to a change in requirements or to correct to an error. Changes in
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missile simulation code are required to explore new concepts, or as a result of missile

hardware or software upgrades. Many changes are not planned. Ideally changes

should not alter the fundamental architecture of the software solution.

3. Efficiency

Efficiency is the optimal use of two fundamental computer resources - storage

space and execution time. Both of these resources are dependent underlying

hardware, yet both resources are equally dependent on the software. An efficient

missile simulation should provide better user response and more functionality than

an inefficient simulation.

4. Reliability

The goal of reliability is to prevent failure, and to some extent, recover from

failure in a graceful manner. Failure in a missile simulation might be defined as

anything from a program that crashes to a program that produces results that do not

agree with flight test data or produces inconsistent results. A reliable missile

simulation will provide results that are consistent with real world experiences and

give meaningful indications when potential problems might arise (e.g., limits

exceeded or incorrect user input).

5. Reusability

The goal of reusability is to provide software components to build software

much the same way hardware engineers build circuits from standard off-the-shelf

components. The development of software systems can be dramatically reduced by

using software components that have already been debugged and tested. These

7



components can form libraries of commonly used objects. Systems may be

constructed from these libraries. These systems then may be added to the library.

B. OBJECT ORIENTED PRINCIPLES

Through abstraction, information hiding and modularity, object oriented

techniques encapsulates data and procedural abstractions to form objects. Objects

modularize both information and processing, rather than processing alone. Object

oriented techniques establish a mechanism for (1) a representation of data structures,

(2) the specification of process and (3) the invocation procedure. An object is an

element of the real world mapped into the software domain. The object consists of

operations which act on data structures in response to messages sent to that object

from other objects. The operations and data structures are hidden, that is the

implementation details are unknown to the user of the object. The interface to the

object is the only portion visible to the user. The interface is a set of well defined

messages that specify what operation on the object is desired. Object oriented

techniques can aid sound software engineering principles. These principles include

abstraction, information hiding, modularity, loose coupling, and strong cohesion [Ref.

2].

1. Abstraction

Many of the problems found with the missile flight simulations are due to their

complexity. Abstraction is a powerful concept that helps one deal with complexity.

Abstraction concentrates on the essential aspects of a problem, while omitting the
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details. There may be many levels of abstraction constructed when solving a

problem. At the top level of a missile simulation, abstraction would reveal the

essential entities - the missile, target, and environment. Moving to the next lower

level of abstraction within the missile, this level might be thought of as being

composed of various subsystems, such as the seeker, the guidance section, the

autopilot, and the airframe. Moving to the next lower level of abstraction, arbitrarily

choosing the missile seeker for example, would reveal the data structures and

procedures used to model the seeker. Only the lower levels of abstraction expose

the specific details of a solution.

2. Information Hiding

Information hiding conceals the implementation details of a solution that

should not affect other parts of a system. Through information hiding only the

essential aspects of a solution are visible, while the implementation details or "how"

of a solution are hidden. Hiding low level design decisions prevents the higher levels

of abstraction from being dependent on implementation details. This approach aids

abstraction and increase the modifiability of the solution.

3. Modularity

The importance of modularity in software design has been recognized for some

time. According to Myers [Ref. 3], "Modularity is the single attribute of software that

allows a program to be intellectually manageable." In monolithic software, such as

the missile simulations, the number of control paths, number of variables and the

overall complexity make understanding difficult. Ideally, software is decomposed into
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modules along logically and functionally independent lines. Modularity supports our

notion of abstraction. High-level modules specify "what" is to be done. Low-level

modules specify "how" that action is to take place.

3. Cohesion and Coupling

Modules in software systems can be thought of as having two important

characteristics, cohesion and coupling. Cohesion attempts to characterize to what

degree a module performs a single function or serves a single purpose. A highly

cohesive module would be one in which the module performs a single task that

requires little or no interaction with other modules in a program. A module

exhibiting low cohesion would perform many different functions and interact with a

large number of other modules. Modules that are highly cohesive are easier to

understand and are more amenable to change than modules exhibiting low cohesion.

Coupling is measure of interconnection among modules in a program. Modules

with high coupling have a complex interfaces and make use of data or control

information found in other modules. Modules with low coupling have relatively

simple interfaces and make use of only the data or control information presented by

the interfaces of other modules. Changes made to modules with low coupling are

less likely to cause unwanted effects in other modules, that is the ripple effect is

minimized. Like modules that are highly cohesive, modules with low coupling are

easier to understand and modify.

10



4. Inheritance

Inheritance is an object oriented concept that permits the organization,

building and reuse of software [Ref. 4]. In a limited view of this concept, new objects

may be defined to inherit the capability and functionality of other previously defined

objects. The new objects may extend the capability and functionality of the original

object by adding new capabilities and functionalities. Conversely the new object may

be defined to eliminate or limit certain capabilities of the original object. Once an

object has been developed, it may be reused with minimal effort through inheritance,

reducing development time.

C. OBJECT ORIENTED METHODOLOGY WITH ADA

1. Ada Packages

The object oriented philosophy maps well into the Ada programming language.

Ada has a wide set of constructs for providing primitive objects and operations.

These constructs serve to build the implementation level of the objects. Ada's

packaging concept is conceptually similar to objects and provides the means to

encapsulate objects. According to Booch [Ref. 5], "A package is a collection of

computational resources, which may encapsulate data types, data objects,

subprograms, tasks or even other packages." An Ada package consists of a

specification and a body [Ref. 6]. The specification identifies the information that

is visible to the user of that package. The package body contains the implementation

details of the package which should (and can) remain physically and logically hidden

11



from the user. The specification and body may be compiled separately to enforce

the separation of the specification or interface from the body with its implementation

details. The specification can serve to define the messages associated with an object.

The object responds in the appropriate manner to these messages. These messages

might map to function or procedure calls and their input or output variables.

Ada packages can be used to provide reusable software components. Packages

of commonly required objects can form libraries where they may be withdrawn and

reused. Ada's generic unit feature supports, in a limited way, the object oriented

principle of inheritance. A generic package serves as a template for an object [Ref.

7]. The generic object can then be instantiated with all the features of the generic

object, along with any additional features required of that particular instantiation.

For example, a generic stack or list object might be instantiated for each occurrence

of a different data type, along with the additional capabilities that make sense for

that particular data type.

2. Methodology

This thesis uses an object-oriented development technique similar to that

advocated by Booch [Ref. 5] and first proposed by Abbott [Ref. 8]. The development

process involves five steps. First, identify the objects and their characteristics or

attributes as they exist in the problem space. Often a concise problem statement is

useful in identifying objects. The nouns of the problem statement serve to identify

potential objects. The second step is to identify the operations that characterize the

behavior of the objects identified in the first step. These should be meaningful

12



operations that can be performed on the object. Verbs associated with an object

noun in the problem statement can aid in the identification of meaningful operations.

During this step time and space constraints are formed to define the dynamic

behavior of the objects. The scope and ordering of operations might be defined for

example. The third step is to establish the visibility of the objects with relation to

one another. This step attempts to specify what objects "see", and what are "seen"

by a given object. This serves to map the problem space into the objects. The fourth

step is to define the interfaces to the objects. To do this an object specification is

produced which "forms the boundary between the outside view and the inside view

of an object." This maps directly into the Ada package specification construct. The

final step is to implement each object by designing suitable data structures and

algorithms and to implement the corresponding interface from the fourth step. Also

at this step it is important to remain aware of the software engineering principles of

modularity, high cohesion and low coupling. Note that this whole process can be

recursive, that is, an object might further be decomposed into subordinate objects.

The key point of this method is the accurate mapping of the problem space into

software. This mapping preserves the real world view of the problem, and if done

properly, tends to produce code that is easily understood. Object oriented techniques

also lend themselves well to the software engineering principles discussed earlier.

Through object oriented techniques and sound software engineering principles, our

goals of producing a missile flight simulation that is easy to understand, easy to

modify, efficient and reliable can be realized.

13



III. THE PROBLEM SPACE

A. INTRODUCTION

An air-to-air guided missile is designed to be carried on an aircraft and launched

at an airborne target. After launch the missile guides, using its sensors, on the target

to intercept. Air-to-air missile sensors may be radar, infrared or a combination of

both types. Once the missile detects the target, it tracks and guides on the target by

generating steering commands that will set a course to intercept the target. The

missile flight simulation attempts to represent or model the missile and its

environment.

The missile flight simulation models a subset of the missile systems, the kinematics

- consisting of the missile dynamics and the missile-target geometry, and the target.

At the top level view, the simulation computes the forces acting on the missile (e.g.,

thrust, drag, and gravity) and from these forces derives accelerations to compute the

missile's spatial trajectory from launch to target intercept. Figure 3.1 is a top-level

block diagram of a missile flight simulation indicating the relationships of the various

models. The missile subsystems are represented by the Autopilot, Airframe, and

Guidance blocks. The blocks labeled Missile Dynamics and Missile-Target Geomet-y

compute the kinematics. The Target block here represents a single target, but in

most simulations more than one target is modeled. The missile airframe model,

given its achieved accelerations, computes the forces acting on it for use in the

14
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Figure 3.1 Missile Flight Simulation
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target geometry, which is passed to the guidance model. Acceleration commands,

which will enable the missile to intercept the target, are computed by the guidance

model and provided to the autopilot. The autopilot responds with the achieved

accelerations, which are passed to the airframe model.

B. THE AIR-TO-AIR GUIDED MISSILE

The missile consists of a number of subsystems. These typically are the airframe,

flight control, guidance, warhead, propulsion, data link and telemetry. The

subsystems modeled in a simulation are the airframe, autopilot, guidance, and

propulsion [Ref. 1]. In addition, the atmosphere and kinematics are modeled.

1. The Airframe

The missile airframe actuates or deflects the control surfaces which steer the

missile. The missile is modeled as a rigid body and, as such, body and control

surface bendings are not represented. The airframe is represented in terms of a

reference axes system. Figure 3.2 illustrates the missile reference axes systems where

x, y, and z are the primary missile reference or body axis system and the axes with

the a subscript represent the missile autopilot or inertial axis system.

Roll (0) is angular motion about the x-axis, pitch (e) is angular motion about

the y-axis, and yaw (P) is angular motion about the z-axis. The missile's angle of

attack, alpha (a), is the angle between the missile's velocity vector (V) and its x-axis.
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xy
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Figure 3.2 Missile Reference Axes

Three force equations describe the forces experienced by the missile along

each axis. There is one force equation for each axis as follows:

E . ,x = mn a .

ElFY = m a y

E.Fz = m= a.

These represent Newton's classic relation that force is the product of mass and

acceleration. Here we resolve the forces into components along each missile axis.

These force equations describe the dynamics of the airframe. Aerodynamics

is the science applied to predicting these forces. These forces are expanded in terms

17



of aerodynamic parameters and coefficients [Ref. 9]. For example, the x-axis

equation becomes:

E FX = m * a. = Fp + (Cdc * aq * S) + (Cd6  *q * S)

The first term in the above equation is the propulsion force. The second term

is the product of the drag coefficient for a given angle of attack (Cda), the angle of

attack (a), and the missile reference area (S). The third term is the product of the

drag coefficient for a given control surface deflection (Cd.), the control surface

deflection (6), the aerodynamic pressure (q), and the missile reference area (S). The

aerodynamic coefficients are a function of angle of attack, control surface deflection,

roll angle and mach number. The aerodynamic parameters and forces are provided

to the airframe model by the missile dynamics model, and the autopilot model

provides the commanded accelerations as input. The airframe model computes the

forces it is "experiencing" and sends these values to the kinematics model (see Figure

3.3).

2. Kinematics: Missile Dynamics

The kinematics model serves two functions: to compute missile dynamics and

to compute the missile-target geometry (see Figures 3.4 and 3.5). Inputs to the

missile dynamics function are the airframe forces computed in the airframe model.

From these values, and from initial conditions, the dynamics model derives
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acceleration, velocity, position data, and flight-path variables. Angles, angular rates,

and accelerations represent the inertial quantities. These inertial quantities simulate

the inertial sensor measurements the missile would experience.

Aerodynamic parameters, such as mach and velocity, are fed back to the

airframe model. The derived acceleration, velocity, and position variables are sent

to the missile-target geometry model. The kinematics model also transforms data

between the two reference coordinate systems, that is, between the airframe

reference system, known as the body coordinate system (x,y,z) and the autopilot

reference system known as the inertial coordinate system (XaYaZa).
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Figure 3.4 Kinematics: Missile Dynamics
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Figure 3.5 Kinematics: Missile-Target Geometry
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3. Kinematics: Missile-Target Geometry

The primary purpose of the missile-target geometry 2ortion of the kinematics

model is to compute the missile-target engagement geometry parameters. These

values are sent to the missile guidance model to steer the missile to the target.

Inputs to the missile-target geometry model are missile acceleration, velocity, and

position data from the missile dynamics model, and target acceleration, velocity, and

position from the target model. These inputs are used to compute range rate

(closing velocity), missile to target range, line-of-sight (LOS) rate, LOS, and time of

flight. The simulation is terminated on range or time constraints determined by this

model. The computed information is sent to the missile guidance model.

4. Missile Guidance

The guidance model represents the missile guidance law (see Figure 3.6). The

guidance law determines what trajectory will cause the missile to intercept the target.

Missile guidance can be classified by the type of sensor is used to provide target

information. Common sensors are RF (radar), or infrared (IR). A missile may use

a combination of RF and IR seekers. The actual missile guidance section is very

complex and sophisticated, hence, extremely difficult to model. Most simple

simulations assume a perfect guidance section that uses a modified proportional

guidance law.

An important parameter in guidance is the line-of-sight (LOS). The line-of-

sight is the direction the missile "looks" in order to "see" the target. This is an
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Figure 3.6 Guidance Model

imaginary line from the missile's seeker to the centroid of the target. It has been

proven that, given constant target and missile velocities, if the LOS angle between

the target and the missile remains constant an optimum trajectory will be achieved,

resulting in a minimum miss distance [Ref 1]. If the LOS angle is to remain constant

then the LOS rate must be zero. The LOS rate is computed in the guidance section

and multiplied by the navigation ratio N and sent to the autopilot as commanded

accelerations proportional to the LOS rate; hence, the term proportional guidance.

The commanded accelerations will change the missile velocity relative to the

target velocity, driving the LOS rate to zero. The response of the guidance system

is determined by the value chosen for the navigation ratio N. Most modem missiles

improve upon the pure proportional guidance law by using the target related

information available through improved sensors and increased on board computing
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power. Target related parameters used in addition to LOS include target range,

velocity, acceleration and time to intercept. Given guidance data, the guidance

model computes the commanded accelerations required to intercept the target.

5. The Autopilot

The autopilot functions to give the missile stable and controlled flight. The

autopilot has its own axes reference system (Xa, Ya, Za). The airframe motions

about the autopilot axes are controlled by the autopilot. Motions about the Ya and

Xa axes determine missile direction. The autopilots for these axes are termed the

pitch and yaw autopilots, respectively.

The autopilot receives commanded accelerations as input and responds with

achieved accelerations as output (see Figure 3.7). The achieved accelerations are

based on the characteristics of the autopilot and other missile subsystems.

6. Target

The target model represents a simple maneuvering target. Inputs are

positional, heading, velocity, and type of maneuver initial conditions. Inertial data

are derived from this data and output to the missile-target geometry model. More

sophisticated target models might include multiple targets and targets capable of

complex maneuvers.
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7. The Atmosphere

The Earth's atmosphere is a dynamically changing system, within which the

missile must operate. The pressure, density and temperature of the atmosphere

depend on altitude, location on the globe, the time of day and the season. In order

to have a common reference atmosphere, a standard atmosphere has been defined

by the U.S. Air Force [Ref. 9]. The standard atmosphere gives mean values of

pressure, density, and temperature as a function of altitude. Most missile flight

simulations model the standard atmosphere.

C. SUMMARY

The models described above become the Ada objects in the object oriented

approach. The relations between the models are represented by messages between

the objects. These messages can request actions of objects or be in response to
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message requests for action. Objects may be constructed from other objects. A

missile composed of objects that represent subsystems for example. This approach

results in a simulation that accurately maps the problem space to software, as the

next chapter illustrates.
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CHAPTER IV. THE USERS VIEW OF THE SIMULATION

A. INTRODUCTION

This chapter briefly discusses general simulation principles, and contains a basic

user-level overview of the simulation. The brief discussion of simulation principles

is intended to provide a rudimentary understanding and insight into some aspects of

the simulation's implementation and operation. The user-level overview of the

missile flight simulation operation provides basic concepts that will aid in

understanding the missile, launcher, and targets objects presented in Chapter VI.

This missile flight simulation falls under the category of nonlinear continuous

dynamic systems [Ref. 10]. Other simulations or applications in this category include

simulations of spring-damper systems, automotive drive trains, power plants, and

chemical processing plants. In keeping with the principle of abstraction, the top-level

of the simulation is generic in the sense that it is not designed for a specific

simulation, it is application independent. The application could be any of the

previously mentioned simulations. The principle common to all these simulations is

that the application specific models (e.g., a power plant or a missile) produce a set

variables that represent the "state" of the model. Typically the state variables are

time-dependent variables that represent rates, such as flow rates in a power plant or

accelerations in a missile. The specific application models the system of interest over

a period of time. This might be hours or days for a power plant, or seconds or
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minutes for a missile. The time periods are divided into discrete units of time called

time steps. A time step for a power plant might be an hour, while a missile's time

step might be a tenth of a second. The state variables are computed once each time

step by the models. These state variables are then mathematically integrated each

time step using numerical integration methods [Ref. 11]. The integrated variables

are then fed-back to the models where they are used, along with other equations

representing characteristics of the model, to compute the state variables for the next

time step [Ref. 12].

B. SIMULATION OPERATION

The simulation is a 3 Degree-of-Freedom (3-DOF) simulation representing

translational motion in three dimensional space. The missile is a dual mode, guided

air-to-air missile. Dual mode indicates that the missile utilizes both radar and

infraied sensors (also known as seekers) to guide to or track the target. The missile

is carried on a launch aircraft and is launched at the target. The function of the

missile is to guide to and intercept one of the two targets. The targets may fly a

constant nonmaneuvering flight path or the user may enable target maneuvering.

The targets are capable of both turn and weave maneuvers. In addition to the two

targets, it is possible to have two other targets active which act as stand off jammers

(SOJs). The role of the SOJs is to use electronic counter measures (ECM) to

degrade or confuse the missile's radar to prevent the missile from guiding on the

target.
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An inertial coordinate system is used to describe the launch aircraft, missile,

target and SOJ positions in three dimensional space. This is a north, east, down

coordinate system (north, east, down) that is referenced to the missile's position at

launch (i.e., ( 0, 0, -launch aircraft altitude)). An object's position and velocity in

inertial space are described by its state vector. In addition to the inertial coordinate

system, the missile uses the missile body coordinate system and the seeker coordinate

system. The missile body coordinate system is referenced to the airframe or body

of the missile and is used to compute forces acting on the missile. The seeker

coordinate system is referenced to the missile's seeker and is used to describe where

the seeker is pointing with respect to the missile body and the other objects in

inertial space.

Sample planar views of a typical launch profile are provided in Figure 4.1, a top

view, and Figure 4.2, a side view. All the parameters required to establish a default

launch profile are read from a data file when the simulation is first brought up. The

user enters SIM at the DOS prompt to bring up the simulation. An introduction

screen is displayed, and any key stroke will then display the Simulation Main Menu

(see Figure 4.3).

This menu's choices are: File Operations Menu, Launch Aircraft Parameter Menu,

Target Parameter Menu, Start Simulation or Quit Program. The File Operations

Menu, shown in Figure 4.4, permits the loading and saving of data files that establish

the simulation's initial conditions. This menu also has a selection that allows the

data generated by the simulation to be logged to a file and the selection of the log
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interval. The user may then modify the launch profile by interactively changing the

launch aircraft, missile, target, or SOJ parameters. The user does this from their

individual menus.

1. Launch Aircraft and Missile Parameters

Launch aircraft parameters that may be modified interactively from the Launch

Aircraft Parameter Menu (Figure 4.5) are aircraft type, launcher type, altitude,

velocity, heading angle and guidance mode. The launch aircraft's altitude, velocity

and heading angle become initial conditions for the missile. The aircraft type, which

can be F-14, F-15, or F-18, establishes radar characteristics that will determine when

the missile's radar acquires the target. Launcher type specifies whether the missile

is launched off a rail station of the launch aircraft or whether the missile is ejected

off an ordnance station of the launch aircraft. The guidance modes available to the

launch aircraft are the pursuit mode, in which case the launch aircraft maneuvers

towards the target after launch or the nonmaneuvering mode, in which case the

launch aircraft continues on its original flight path after missile launch.

2. Target Parameters

It is assumed that there is always at least one target. The user must enable the

second target to simulate a two target formation. The target parameters that may

be modified from the Target Parameter Menu (Figure 4.6) can be divided into three

categories: general, maneuver, and ECM. The general parameters are altitude,

velocity, aspect angle, slant range, radar cross section (RCS), and infrared (IR)
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radiance. Aspect angle is the angle defined counter-clockwise from the target's tail

to the missile's line-of-sight (LOS). Hence, an aspect angle of zero degrees is a tail

shot (i.e., the target and launch aircraft have the same heading, with the launch

aircraft following the target), and an aspect angle of 180 degrees is a head shot (i.e.,

the target and missile flying directly at one another). The LOS vector is the vector

from the missile's seeker to the target. The slant range is the three dimensional

range from the target to the missile. The missile may use its own radar or infrared

sensors to provide target information. RCS is a parameter that indicates the targets

size in terms of how much radar energy is reflected off the target. A target with a

large RCS will be acquired by the missile's radar in a shorter period of time (or

similarly acquired at a longer range) than a target with a small RCS. IR radiance

is the infrared spectrum's counterpart to RCS, except the IR energy is emitted from

the target's engine exhaust (and other IR "hot" spots), rather than being energy

reflected off it. The target maneuver parameters control the target's flight path.

The target can be either a nonmaneuvering target, a turning target, or a weaving

target depending on the parameter maneuver type. Parameters associated with both

the turning target and weaving target are maneuver g's, buildup time, and the

maneuver start parameter. Target g's are the number of g's the target is going to

achieve executing the maneuver, and build up time is the time it takes to achieve the

commanded g's. The maneuver start parameter selects what condition initiates the

maneuver. The user can select whether the maneuver starts on flight time (time

since the start of the simulation), time remaining (estimated time to intercept), or
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range-to-go (missile-to-target range). Specific to turn maneuver is the parameter

angle to turn through, which is simply how many degrees the target is to turn through

before the turn is terminated and the target resumes straight and level flight. A

weaving targets flight path resembles a sinusoidal wave form in the north-east plane.

That is, looking down on the target, its flight path would resemble a sine wave. The

weave specific parameter weave period determines the time (in seconds) it takes the

target to complete one cycle or period of the weave. If target two is enabled, the

user may define the second targets altitude, the second target's range to target one

and the second target's echelon angle (see Figure 4.7).

3. SOJ and Target ECM Parameters

The user also has the option to enable the SOJs and set their range from the

launch aircraft, look angle to the target (the angle between the launch aircraft's LOS

to the target and the LOS to the SOJ, see Figure 4.8), and modify their ECM

parameters (see Figure 4.9). The ECM parameter associated with both targets is

ECM technique. The ECM techniques available are none, repeater, and barrage

noise. Associated with the repeater ECM technique is the parameter loop gain and

associated with the barrage noise ECM technique is the parameter effective radiated

power density (ERPD). The repeater technique is intended to deceive the missile

by receiving the missile's radar signal, altering it, and retransmitting it back to the

missile. The intent is to make the missile "see" the target at a different range or

vel,-ity than the target's actual range or velocity. The user may modify the loop

gain, effectively controlling the power of the repeater. The barrage noise technique
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is a cruder technique in which the target transmits broad band noise in an attempt

to over-power the missile's radar receiver and deny it any target information. The

user may modify the ERPD of the barrage noise. Similar ECM options are available

for the SOJs if they are enabled. Basically the ECM is a function of the technique

used and the geometry in which the ECM platform (i.e., either target or SOJ)

encounters the missile. In all cases just minimal or skeleton code is implemented for

ECM due to security classification issues and developmental time constraints. The

ECM area falls under the future work category discussed in the last chapter.

To start the simulation, the user selects Start Simulation Run from the main

menu. The run-time display is then shown indicating key geometric and kinematic

parameters (see Figure 4.10). The user may halt or abort the simulation while it is

running limiting the simulation permits careful examination of parameters during

a run, while terminating the simulation allows a quick turn around if the user is not

satisfied with the run (e.g., initial conditions set incorrectly). At the end of a

simulation run the terminal condition display is shown, which is the runtime display

with the final parameter values and the reason for termination (see Figure 4.11).
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V. THE CONTROL AND SUPPORT OBJECTS

A. INTRODUCTION

This chapter presents three of the top-level objects that control the simulation and

their support objects (see Figure A.1 of Appendix A). The discussion of the top-level

objects will follow the basic development methodology presented earlier and

illustrates how the objects demonstrate important features of object oriented

principles and software engineering principles. This discussion is not intended to be

a line by line detailed functional description of the code, but is intended to provide

a basic understanding of how the simulation works (the reader is referred to

Appendix C and Appendix D for a complete listing of the simulation).

B. BASIC METHODOLOGY

Objects and their messages will appear in capitol letters by convention through

the remainder of this document. The methodology presented in Chapter II will be

used to develop the three top-level objects presented in this chapter. These top-level

objects, and their support objects, will be discussed here to provide a framework for

presenting the MISSILE and TARGET objects in the next chapter.

At this the highest level of abstraction, we wish to keep the simulation application

independent. We might wish to simulate a power plant or missile - our upper most

level should not reflect what particular application we are using. Objects are
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necessary to control or manage the simulation. By controlling or managing the

simulation we mean things like getting user input, initialization, starting and stopping

the simulation, and presenting data. The objects necessary for these operations are

identified as the EXECUTIVE, APPLICATION, and USERINTERFACE. The

EXECUTIVE has no knowledge of what type of simulation is running, it just sees

the APPLICATION and USERINTERFACE objects and stimulates them with the

appropriate messages. The APPLICATION object has the knowledge of the specific

details of the application in terms of what objects exist and their interfaces. The

USERINTERFACE object is required for user input and output. The

APPLICATION will have to be visible to the USERINTERFACE and the

USER INTERFACE must be visible to the APPLICATION. The reasons for this

will become clear when we examine each object's interface or messages. So far we

have identified the objects, formed a general characterization of their behavior ant

established their visibility. The next steps of the development methodology, defining

the interfaces and implementing the objects, will be discussed in more detail in the

following sections.

C. OBJECT MESSAGES AND IMPLEMENTATION

Each object's messages are presented in more detail because they are key to

understanding an otject's capabilities. The Ada with clause allows a package (or

object) to access or view another package's specification. Package specifications

define the interface to the package in terms of data structures, function calls and
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procedure calls available to the users of the package. In our object oriented view,

package specifications define the external messages that an object can respond to by

eliciting some type of action or providing the sender with information. Internal

messages are the functions and procedures that are in the body and not in the

package specification, and therefor are for the exclusive use of that object. Appendix

A provides figures that illustrate the objects indicating which objects they "with" and

their messages.

D. THE CONTROL OBJECTS

1. The EXECUTIVE

The simulation EXECUTIVE is a procedure that forms the upper or outer-

most layer of the simulation (Figure A.2). This is highest level of abstraction for the

simulation. The simulation EXECUTIVE contains a context clause that "withes" the

APPLICATION object and the USERINTERFACE object. The EXECUTIVE

sends a message to APPLICATION to initialize the system and a message to the

USER INTERFACE to turn over control of the simulation to the user.

2. The APPLICATION

The APPLICATION also resides at the simulation's highest level of

abstraction. The APPLICATION object contains or defines the application specific

messages or actions for a specific simulation. The APPLICATION might represent

one of any number of simulations. The APPLICATION object has the following

messages as shown in Figure A.3: INITIALIZESYSTEM,
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INITIALIZESIMULATION, NUMBEROFSTATEVARIABLES,

GETSTATES, PUT-STATES, COMPUTEDERIVATIVES, LOGDATA,

ENDCONDITION MET, ENDOFRUN, CHECKPAUSE, and

SIMULATIONMAIN. The internal INITIALIZESYSTEM message sends a

message to the SYSTEM-SPECIFIC object to initialize the video display and sends

a message to the USERINTERFACE to display the initial title screen to the user.

INITIALIZESIMULATION ,an internal message, signals the objects that make up

the specific application to initialize themselves. This message also frees memory by

instantiating Ada's UNCHECKEDDEALLOCATION to create a procedure called

FREE. FREE deallocates memory that was used for storing the previous runs data.

INITIALIZESIMULATION will also create an output data file if the simulation is

logging data to disk. The external COMPUTEDERIVATIVES message is invoked

which in turn sends COMPUTE messages to the MISSILE and TARGET objects

telling them to compute the mathematical derivatives that characterize them. These

are used as initial values for computing the state variables in the first time step. An

example of sending or invoking the INITIALIZESYSTEM from another object (e.g.,

as is done in the body of EXECUTIVE for this particular message) is as follows:

APPLICATION.INITIALIZE SYSTEM
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When this statement is encountered in the body of EXECUTIVE the

INITIALIZESYSTEM message or procedure defined in APPLICATION will be

executed. The messages are intended to be self-descriptive.

GETDERIVATIVES is an external message that provides the values of the

MISSILE and TARGET derivatives by sending a GETDERIVATIVES messages

to these objects. The external NUMBEROFSTATEVARIABLES message

returns the number of state variables possessed by a specific application. This

message is used to correctly size the data structures in the INTEGRATION object.

The external message GET-STATES solicits the appropriate objects for their state

variables while PUT-STATES provides those objects with updated state variables.

The internal LOGDATA message tells the simulation to output data to the

screen and, if desired, save data to a disk file. The internal CHECKPAUSE

message checks to see if the user has paused the simulation run or has decided to

terminate the run. The internal ENDCONDITIONMET message signals that the

appropriate conditions have been satisfied and the simulation can be terminated.

The external message SIMULATIONMAIN is the heart of the

APPLICATION object. The first action SIMULATIONMAIN takes is to set the

Boolean variable LOGGINGTODISK according to the value found in

SETUPVALUES. If LOGGINGTODISK is true, data generated by the

simulation will be written to a file on disk. SIMULATIONMAIN then tells the

objects to set themselves up by sending a SETUP message to the missile and aircraft

objects. There is a distinction in the simulation between setup and initialize. Setup
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refers to collecting data, either interactively from the user or from default values,

while initialize refers to using these values to compute initial conditions or initialize

data structures. After the MISSILE and TARGET have been setup, a message is

passed to the ENVIRONMENT object to set the time to zero. This is the reference

time at which the simulation starts. Following this a message is sent to the

INTEGRATION object establishing the TIMESTEPSIZE to be used for the

numeric integration. The NEXTLOGGINGFRAME and FRAMENUMBER are

then set to initial values. Then the simulation is initialized followed by the

INTEGRATION object. At this point the main loop is entered. This body of code

will be repeatedly executed until the simulation stops, either by reaching normal end

conditions or through user intervention. Within the loop the INTEGRATION object

is told to ADVANCE-TIME. This is the message that drives the computation of

state variables and hence most of the computations or activity taking place in the

simulation. Also within the loop, the screen is updated and data logged to disk if

required. The loop is repeatedly executed until ENDCONDITIONMET is true.

ENDCONDITIONMET sends a message to the MISSILE to see if the MISSILE

specific ENDCONDITIONMET is true (e.g., TARGET intercept has occurred, the

MISSILE has flown into the ground, etc.) or checks to see if the user has terminated

the run. Once ENDCONDITIONMET is true, the run-time screen is updated for

the last time and the internal SHOWTERMINALCONDITIONS message displays

the terminal conditions of the flight to the user. Finally, the internal ENDOFRUN

message is invoked to close the output data file if the simulation was logging data to
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disk. The user then can return to the main menu. At this point the simulation may

be run again or parameters may be modified.

3. The USER INTERFACE

The USERINTERFACE object, shown in Figure A.4, allows the user to the

user to control the simulation through keyboard input, along with presenting run-time

displays and simulation status information to the user. The USERINTERFACE is

designed as a standard interface regardless of what model computer hosts the

simulation. USERINTERFACE is menu driven to provide a more

"user/programmer friendly" interface than previous FORTRAN simulations.

USERINTERFACE uses some of Ada's modem language features that are not

found in FORTRAN. For example, access types (pointers) and records are used to

form linked lists. The linked lists that form the menus, submenus, and individual

items are quite easily modified to accommodate growth (i.e., more menus ,submenus,

or items). Recursion is used to traverse the lists. Recursion makes the code easier

to read and understand. Ada's variant records simplified the design and building of

the linked lists.

The MATH, APPLICATION and SYSTEMSPECIFIC objects are made

visible to USERINTERFACE by with clauses. USER-INTERFACE also "withes"

the Ada predefined packages TEXT_10 and REAL_10. USERINTERFACE

provides the following external messages to its users: MAIN,

SHOWTITLESCREEN, DRAW RUNTIMEBORDER, and
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SETUPRUNTIMESCREEN. The MAIN message passes an access type to the

MAINMENU as a parameter to the internal MANAGEMENU object, the heart

of USERINTERFACE. MANAGEMENU navigates through the various menus,

submenus, and individual items. MANAGEMENU allows the user to interactively

enter or modify data. The menus allow the user to build a "missile launch scenario"

by entering or selecting missile and target parameters. The user may enter a value

for the missile's launch altitude by typing it at the keyboard, for example. Where

data takes the form of an enumerated type, for example the launcher type is either

F-14, F-15, or F-18, the user can cycle through the choices by striking the enter key.

This is implemented by using the PRED (for predecessor) or SUCC (for successor)

attributes of enumerated types.

The user can initiate three actions from USERINTERFACE:

LOADDATAFILE, SAVEDATA_FILE, or STARTRUN. LOADDATAFILE

provides the missile launch scenario parameters from a disk file.

SAVEDATAFILE will save the current missile launch scenario, possibly

customized by the user, to a disk file for later use. The intent here is to enable the

quick setup of missile launch scenarios that vary from the default scenario.

STARTRUN will gather all the missile/target parameters from the various menus.

These values become the appropriate object's setup values. At this point

START RUN sends a message to APPLICATION (i.e.,

APPLICATION.MAIN(SETUP_VALUES)) that starts the simulation.
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The SHOWTITLE SCREEN external message clears the user's screen, turns

off the cursor and displays the initial welcome text. DRAWRUNTIMEBORDER

draws the screen border for the runtime screen and displays a text instruction. The

message SETUPRUNTIMESCREEN clears the screen and signals

DRAWRUNTIMEBORDER. Then DRAWRUNTIMESCREEN displays a

template of the text portion of the simulation data, with the appropriate units, that

is presented during runtime. For example, "Elapsed time, sec:" is displayed. The

actual run-time data values are displayed from the APPLICATION object.

Other important internal messages are: DISPLAYMENU,

SETUPMENUDATA, GETTEXT, and GETREAL. DISPLAY-MENU is a

message that displays the individual items in a menu or submenu. This message uses

the SYSTEMSPECIFIC object, which will be discussed shortly, for low-level 10.

SETUP MENU DATA establishes all the default values for the MISSILE and

TARGET parameters found in the menus. GETTEXT is used to display a prompt

for text input and then input and validate the user's response. GETTEXT also uses

the SYSTEMSPECIFIC object for much of its low-level 10. GETREAL is used

to read real values input by the user. This message provides a more flexible and

user-friendly method for inputting real numbers than Ada's predefined REAL_10

package. SETUPMENU DATA, SHOWTITLESCREEN, and

SETUPRUNTIME SCREEN are implemented as separate compilation subunits of

the main USERINTERFACE package. This division was made because these units

contain mostly textual information that tended to clutter and obscure the main
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USER INTERFACE package. Also, modifications are easier and compilations are

faster when these messages are implemented as subunits of the USERINTERFACE

package. Editing is easier with smaller modules and the corresponding compilation

faster.

E. THE SUPPORT OBJECTS

1. SYSTEM SPECIFIC

Modular design and information hiding allow the simulation to be machine

independent. The simulation was developed and implemented on an IBM AT

compatible machine. In the future the simulation will be modified to run on an

Apple Macintosh computer and possibly other systems. To aid this process, all the

machine dependent code is implemented (hidden) in the SYSTEMSPECIFIC object

(see Figure A.5). Most of this code is associated with the IBM video display. By

rewriting SYSTEMSPECIFIC for the Apple MacIntosh, and keeping the original

message names, the porting process should consist simply of a recompile of

SYSTEM SPECIFIC and a link of the simulation. Also by working at a lower

system-specific level all screen displays are output in the most efficient manner

providing very fast screen updates. This prevents the user from perceiving a delay

as the screen is updated or the next menu is displayed (problems experienced in

earlier FORTRAN simulations).
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SYSTEMSPECIFIC is visible to APPLICATION and USERINTERFACE. A

number of packages providing DOS environmental support are included with

Meridian's Ada compiler [Ref. 13]. These include: SYSTEM,

PROGRAMCONTROL, INTERRUPT, COMMONDISPLAYTYPES, TTY and

BOX. The SYSTEM package is used to provide an address expression which is a 32

bit segmented memory address. The address expressions are used for monochrome

and color video addresses. The PROGRAMCONTROL package is used to

terminate the simulation. PROGRAM CONTROLs QUIT procedure terminates

the calling program and returns control to DOS. The package INTERRUPT allows

calls to DOS interrupt vectors. COMMONDISPLAYTYPES contains declarations

for the various packages that handle display operations, such as ITY and BOX. The

package TFY provides operations on the terminal display and keyboard. TTY links

in faster than TEXT_10 and calls to the TTY subprograms run faster. The TITY

subprograms used are GET, PUT, and CHARREADY. CHARREADY

determines if a character is ready to be read from the keyboard. Package BOX

provides procedures for drawing boxes on the text screen. Also, a Meridian supplied

package, BIT OPS, is used for bit-level logical operations [Ref. 14].

All of these vendor supplied packages are used in the SYSTEMSPECIFIC

to provide the following external messages: INITVIDEO, DRAWBOX,

CLEARSCREEN, REVERSEVIDEO ON, REVERSEVIDEOOFF,

MOVE CURSOR,TURNCURSORON,TURNCURSOROFF,PUTSTRING,

PUTREAL, INPUTSTRING, KEYAVAILABLE, GETKEY,
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GETMENUCOMMAND. INITVIDEO determines whether the host system has

a monochrome or EGA display and sets variables accordingly. DRAW-BOX is used

to draw the screen border. CLEARSCREEN clears the video display.

REVERSE VIDEOON and REVERSEVIDEOOFF control whether text is

output in reverse video. MOVECURSOR moves the cursor to the desired row and

column of the video display. TURNCURSORON and TURNCURSOROFF

control whether the cursor is displayed. PUTSTRING outputs a character string to

the video display in normal or reverse video. PUT-REAL outputs a real number to

the screen. INPUTSTRING inputs text strings from the user. KEYAVAILABLE

indicates if a keyboard key has been pressed and GETKEY returns the scan code

of the key pressed. GETMENUCOMMAND uses KEYAVAILABLE and

GETKEY to decode the keyboard input into UPARROW, DOWNARROW and

ENTER commands. The implementation details involve advanced DOS

programming and the reader is referred to Young [Ref. 15] for further information.

2. INTEGRATION

The INTEGRATION (see Figure A.6) object performs the numerical

integration of the MISSILE and TARGET state variables. INTEGRATION is visible

to the APPLICATION object. Objects visible to INTEGRATION are MATH,

ENVIRONMENT, and APPLICATION. The integration of the state variables each

time step drives the MISSILE and TARGET in the simulation. Each TIMESTEP

time units, the state variables are integrated and fed back to the appropriate objects

and, along with other computations, are used to form the subsequent TIMESTEPs
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state variables. For example, INTEGRATE requests the MISSILE's derivatives,

which are the MISSILE's accelerations and velocities. These accelerations and

velocities are computed by the MISSILE using the previous TIMESTEP's state

variables (along with other computations). INTEGRATION then integrates the

MISSILE's accelerations and velocities to obtain the MISSILE's velocities and

position, which form the MISSILE's current state variables. These state variables are

then provided to the MISSILE for use during the next TIMESTEP, time is

advanced TIMESTEP units, and the whole process is repeated.

The external messages that make all this possible are TIMESTEP SIZE,

SETTIMESTEPSIZE, INITIALIZE, and ADVANCETIME. These messages

form a standard interface regardless of the specific application. TIMESTEP-SIZE

provides the sender with the current value INTEGRATION is using for

TIMESTEP. SETTIMESTEPSIZE permits INTEGRATION's TIMESTEP

value to be changed. INITIALIZE requests that APPLICATION return the

application specific object's derivatives and state variables. These values are used

as initial conditions by INTEGRATION. ADVANCE-TIME is the heart of

INTEGRATION, as it signals the correct integration method to execute. There are

numerous methods to perform numeric integration, for example, Hanna, Euler,

Adams-Bashforth, to name just a few. These methods offer trade offs in terms of

accuracy and execution speed. By having the method visible only to

ADVANCE-TIME, changing the particular method used is relatively easy. At this

time only the Hanna method is implemented [Ref. 16]. The Hanna method is a

54



predictor/corrector numeric integration technique. A temporary state or predictor,

which is the previous TIMESTEPs state variables, multiplied by its derivatives and

TIMESTEP, is computed. Next the ENVIRONMENT object, which keeps track of

time, is signalled to increment the current time by TIMESTEP units by the

SET TIME message. Then INTEGRATION sends MISSILE and TARGET their

temporary state variables via a message to APPLICATION. INTEGRATION then

signals MISSILE and TARGET to compute their derivatives via another message to

APPLICATION. MISSILE and TARGET use their temporary state variables to

compute their current derivatives. INTEGRATION then requests these derivatives

to correct the state variables. Finally the current set of derivatives is saved for the

next TIMESTEP. This process is repeated each time INTEGRATION is sent the

ADVANCE-TIME message by APPLICATION until APPLICATION stops the

simulation.

3. MATH

The MATH object, shown in Figure A.7, provides external messages that

perform all the basic mathematical operations required by the simulation. MATH

also defines all the physical constants used in the simulation, such as PI, E, and the

gravitational constant G. MATH is visible to most of the upper-level objects.

MATH withes Meridian's MATHLIB to provide trigonometric functions such as

SIN, COS, TAN and their inverses. All these functions have been embedded in

functions that perform a type conversion of the operands to the real type, as the

Meridian MATHLB is instantiated for the float type. MATH instantiates the real
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types. Operations, in addition to those provided by MATH LIB, include LOG,

LIMIT, **, MIN, MAX and a variety of matrix and vector operations. LOG provides

the base 10 logarithm of a number. The overloaded LIMIT compares a real variable

against a lower and upper limit, and returns either the upper limit if the variable is

greater than it, the lower limit if the variable is less than it, or the variable, if it falls

between the two limits. The other LIMIT compares a real variable with the positive

and negative values of a single limit and returns the appropriate value. The **

message provides exponentiation. MIN returns the minimum of two variables while

MAX returns the maximum of two variables. MATH also instantiates

REALMATRIX from the generic unit MATRIXANDVECTOR to provide

mathematical operations on matrices and vectors.

4. REAL MATRIX

REALMATRIX (see Figure A.7) is an instantiation of the generic unit

MATRIXANDVECTOR and illustrates Ada's limited implementation of the object

oriented inheritance concept. MATRIXANDVECTOR is a generic unit that acts

as a template for packages and provides the means to build reusable software

components. MATRIX ANDVECTOR provides all the basic mathematical

operations for matrices and vectors without specifying what data type make up these

structures. REALMATRIX is the MATRIXAND VECTOR object instantiated

for the real data type. Future requirements may call for the instantiation of

MATRIXANDVECTOR for complex numbers.
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REALMATRIX provides a number of messages for operations on matrices

and vectors because many of the quantities encountered in the simulation, such as

forces, are best expressed in terms of vectors or arrays. REALMATRIX defines the

vector type as a one dimensional array of real numbers and the matrix type as a two

dimensional array of real numbers. The basic operations on matrices are overloaded

to deal with both single and two dimensional matrices. Ada's attributes for array

types were very useful in coding these operations. The RANGE attribute provided

an easy and flexible method for specifying array index constraints. The LAST

attribute proved valuable for specifying the upper bound on the control variable of

for loops. The overloaded +, -, * and /, provide for the addition, subtraction,

multiplication and division of arrays respectively. These messages also contribute to

the readability of the code. MAGNITUDE returns the magnitude of a vector and

CROSSPRODUCT provides the cross product of two vectors. The matrix messages

TRANSPOSE, IDENTITY, DETERMINANT, and INVERSE provide the services

that their names suggest [Ref. 17].
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VI. THE MISSILE, LAUNCHER AND TARGETS OBJECTS

A. INTRODUCTION

This chapter discusses the missile, launcher, and target objects. One of our major

software engineering goals, understandability, is achieved by implementing and

discussing the core of the simulation in terms of modular objects. This approach also

serves to accurately map the real-world problem space (see Figure 3.1) into the

objects that form the software solution, illustrated in Figure B.1 of Appendix B.

B. THE MISSILE

The MISSILE object or package withes the LAUNCHER, TARGETS, missile

subsystem objects and support objects (see Figure B.2). The LAUNCHER object

provides the missile with launch aircraft information and TARGETS provides target

information. Missile subsystem objects are the AIRFRAME, AUTOPILOT,

RFSEEKER, IRSEEKER, and GUIDANCE. The AIRFRAME contains further

subsystems such as the AERO and THRUST. The missile subsystems serve as a good

example of abstraction, modularity, low coupling and high cohesion. The support

objects are MATH, INTEGRATION, KINEMATICS, and ENVIRONMENT.

MISSILE uses the time keeping messages of ENVIRONMENT.
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1. MISSILE Messages

MISSILE messages include SETUP, INITIALIZE, PUTSTATES,

GETSTATES, GETDERIVATIVES, LOG-DATA, MANEUVERVALUE,

ENDCONDITIONSMET, TERMINAL CONDITIONS, and COMPUTE. SETUP

establishes the launch type, number of targets, number of SOJs and ECM power.

SETUP also signals the RFSEEKER and KINEMATIC objects to proceed with

their SETUP routines. The INITIALIZE message establishes initial conditions for

many of the missile's physical characteristics such as missile mass, drag, thrust, and

initial phase of flight. Also during initialization geometric initial conditions such as

ranges and heading angle are computed. AIRFRAME, GUIDANCE, RFSEEKER,

and IRSEEKER are also signaled to initialize.

The message PUTSTATES accepts the new states (i.e, missile position and

velocity) when signaled by the APPLICATION object. GETSTATES presents the

caller with the current missile states and GETDERIVATIVES presents the

derivatives of the current states (i.e., missile velocity and acceleration).

The LOGDATA message provides all the missile data, approximately forty

two items, that are logged to disk or presented on screen to the user.

MANEUVER START VALUE returns the time since launch, time-to-go or range-

to-go, which is used to initiate the target maneuver. ENDCONDITIONSMET

provides a Boolean value indicating whether the appropriate conditions (e.g, target

intercept, missile physical limits exceeded, out of energy, flew into the ground) have

been met to terminate missile flight. TERMINALCONDITIONS supplies the
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reason for flight termination plus terminal data items of interest such as miss

distance (defined as the point of closest approach), time of flight and missile altitude.

These are key items for evaluating missile performance. They are displayed on the

terminal display.

2. The COMPUTE Message

The COMPUTE message really drives MISSILE. The following sequence of

events occurs every time MISSILE is sent the COMPUTE message. COMPUTE

requests target velocity and position data. Then COMPUTE sends this information,

along with missile position and velocity to KINEMATICS. KINEMATICS replies

with missile-to-target range, LOS rate, range-rate and time-to-go. LAUNCHER is

then signaled to provide the ran, from the launch aircraft to the target. This

information is then sent to the RFSEEKER to determine which RF phase the

missile is in and to determine the signal-to-noise ratio (SNR) of the signal the

missile's radar receiver is receiving. COMPUTE then calculates A-pole, defined as

the range from the launch aircraft to the target when the missile's radar enters the

K-band acquisition mode (RF phases and modes are discussed in the RF SEEKER

section). If the missile is within range to use its IR seeker, IRSEEKER is signaled

to determine the.IR phase and whether or not the radome has been ejected.

Next a series of computations and messages are executed resulting in the

missile's current acceleration vector. First, COMPUTE gives KINEMATICS the

missile's azimuth (az) and elevation (el) angles, and KINEMATICS returns the

corresponding direction cosine matrix. Direction cosine matrices are used to
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transform vectors between different coordinate systems [Ref. 181. In this case

KINEMATICS returns the inertial to body coordinate system direction cosine matrix

(TIB matrix, for transform inertial to body). This matrix is then multiplied by the

missile-to-target range vector (which is in inertial coordinates) resulting in a missile-

to-target range vector in missile body coordinates. This operation is also carried out

on the other range vectors (i.e., second target and SOJs) if appropriate. The range

vector in missile body coordinates is then sent to RF SEEKER, which returns the

seeker gimbal angle in missile body coordinates. COMPUTE then calculates total

seeker angles (Psi and Theta) by summing the az and el angles with the seeker

gimbal angles. KINEMATICS is sent these angles to use in computing the direction

cosine matrix for the inertial to seeker coordinate system transformations (TIS).

The vector representing LOS rate in inertial coordinates is then transformed into

seeker coordinates for use by GUIDANCE. COMPUTE also calculates missile

altitude, and altitude rate which are used along with the LOS rate in seeker

coordinates by GUIDANCE. GUIDANCE is sent these values, along with time-to-

go and target position information and returns the guidance phase and commanded

acceleration. Simply stated, given missile and target position and velocity

information, GUIDANCE determines the required acceleration commands for the

missile to intercept the target. COMPUTE then signals AUTOPILOT.COMPUTE

with the commanded accelerations and receives back the achieved accelerations.

KINEMATICS then, given the missile's altitude and velocity, returns the missile's

mach number. COMPUTE signals THRUST with the missile's mach and altitude
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and receives assorted information such as missile mass, propulsion phase, and thrust.

The achieved accelerations provided by AUTOPILOT.COMPUTE, along with missile

mach and altitude, are sent to AIRFRAME.AERO which returns the missile's

coefficient of drag and angle of attack. These values, along with missile position,

velocity, and acceleration, are sent to KINEMATICS (equations of motion) which

returns updated missile velocity information, pitch and dynamic pressure (Q). Finally

the achieved accelerations provided by AUTOPILOT.COMPUTE are transformed

from body to inertial coordinates. At this point COMPUTE has completed updating

the missile's state.

C. KINEMATICS

The KINEMATICS, shown in Figure B.3, object calculates direction cosine

matrices, missile acceleration, velocity, position and flight path data. KINEMATICS

has the following messages: SETUP, INITIALIZE, MACHNO, DIRCOS,

COMPUTE, and EOM.

SETUP establishes the number of targets and the number of SOJ. INITIALIZE

initializes ranges, range rates, and LOS rate. MACH NO, given missile altitude and

velocity, returns the missile's mach number. DIRCOS, given two reference angles

between two different coordinate systems, returns the corresponding direction cosine

matrix. This matrix is then used to transform vectors from one coordinate system to

the other [Ref. 18].
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The COMPUTE message calculates velocity, range, LOS rate and time-to-go.

COMPUTE calculates missile-to-target velocity as the difference between target and

missile velocity. The missile-to-target range vector is calculated as the difference

between target position and missile position. Both a total range vector and unit

range vector are also calculated. The range rate, defined as the rate of change of the

missile-to-target range vector, is computed as the vector dot product of the range unit

vector and the missile-to-target velocity vector. The LOS rate is then calculated as

the vector cross product of the range unit vector and the missile-to-target velocity

divided by total range. Range calculations are then performed for the SOJs if

appropriate. Finally time-to-go, the estimated time to target intercept, is calculated.

Time-to-go is computed, depending on various conditions, as either range to point

of closest approach (miss distance) divided by range rate or target range divided by

range rate. Care has to be taken to account for possible opening ranges immediately

after missile launch , to avoid inaccurate miss distance calculations during initial

flight phases, and to account for range rate becoming less than or equal to zero

during the final phase of flight.

KINEMATICS' equations-of-motion message, EOM, calculates the missile's axial

acceleration vector, pitch and heading. First pitch and heading are determined

through trigonometric relations of angle-of-attack and velocity. Then a message is

sent to ENVIRONMENT to get the air density. The air density, along with missile

velocity, is used to compute the dynamic pressure (Q). Missile drag is then

computed as the product of dynamic pressure, the missile's coefficient of drag and
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reference area (sref). Finally, the missile's axial acceleration vector is calculated and

returned to the caller. This completes the description of KINEMATICS.

D. THE AIRFRAME

The AIRFRAME models the missile's aerodynamic characteristics and thrust

characteristics. AIRFRAME's messages are INITIALIZE, AERO, and THRUST as

shown in Figure B.4.

INITIALIZE initializes the propulsion phase, and various physical constants. The

AERO message, given missile achieved acceleration, mach, altitude, dynamic

pressure (Q), and the dome condition, returns the missile's coefficient of drag and

angle-of-attack (AOA or Alpha). The AOA is the difference between the missile's

velocity vector and its body vector. The drag coefficient is represented as a series

of equations that are a function of missile mach. These equations represent a curve

fit of data found through wind tunnel testing of the missile. In order for the missile's

IR seeker to function, the radome, or dome, is ejected or blown off in the final phase

of flight, increasing the drag coefficient.

THRUST uses missile mach, altitude, fuel mass, and missile mass to provide the

thrust force and propulsion phase. The missile is modeled as having a solid fuel

rocket motor. The rocket motor is fired at launch for a rail launch, or shortly after

ejection for an eject launch. The initial propulsion phase is termed the boost phase.

After the fuel is exhausted the missile enters the coast propulsion phase.
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E. THE AUTOPILOT

AUTOPILOT accepts commanded accelerations and returns achieved accelerations

dependent on the body responses of the missile. AUTOPILOTs messagei. are

INITIALIZE, UPDATEDIFFEQS, COMPUTE, and ACCELERATIONS (see

Figure B.5). INITIALIZE establishes initial values for autopilot constants. The

autopilot has been modeled by differential equations which have been implemented

as difference equations to avoid the instabilities caused by round-off error [Ref. 10].

UPDATEDIFFEQS updates the achieved accelerations through the difference

equations. COMPUTE, given the commanded accelerations, returns the achieved

accelerations, while ACCELERATIONS returns the instantaneous accelerations

being experienced by the missile. AUTOPILOT serves as a good example of an

object with a simple, well defined interface. This interface can be thought of as a

standard interface in that, regardless of how the autopilot is modelled, this interface

can remain unchanged. AUTOPILOT also serves as a good example of an object

or a module that would be an excellent candidate to go into a library of missile

subsystems. As production missiles mature, subsystems with new designs are

incorporated. A library of various subsystems would allow the analyst to easily

configure the simulation to match any production version of the missile. This would

also permit the experimentation of new configurations with untested subsystem

models.
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F. GUIDANCE

The function of GUIDANCE is to guide the missile to the target. GUIDANCE

withes the MATH object. Figure B.6 indicates GUIDANCE's messages are

INITIALIZE and COMPUTE.

INITIALIZE, given missile altitude, target altitude, range, and velocity computes

initial values for a number of guidance parameters. Guidance parameters such as

guidance phase, horizontal target range, velocity, aspect angles and time estimates.

COMPUTE, given time-to-go, missile altitude, altitude rate, velocity, axial

acceleration, pitch,seeker gimbal angles, LOS rate, and target position and velocity,

returns the guidance phase and acceleration commands. These commanded

accelerations will guide the missile to intercept the target.

There are five guidance modes or phases: null commands,load bias, variable arc,

altitude hold, and terminal. Immediately following launch the missile is in the null

commands phase. The purpose of this phase is to ensure that no guidance

commands are generated until the missile is safely clear of the launch aircraft. The

load bias phase commands a five g pull-up maneuver until the missile achieves a 20

degree nose up attitude. The missile then enters the variable arc phase where it is

commanded to climb to a predetermined altitude. Once reaching the predetermined

altitude, the missile will remain at that altitude throughout the altitude hold phase.

This enables the missile to dive on the target in the terminal phase, maximizing its

available energy to provide maximum range. The missile uses proportional

navigation with acceleration compensation to compensate for missile and target
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accelerations [Ref. 19]. Horizontal, or azimuth proportional navigation is used in all

guidance phases except null commands, while vertical proportional navigation is used

only in the terminal phase.

Messages internal to COMPUTE are GUIDANCEMODE,

ALTITUDEHOLDCMD, and GUIDANCECOMMANDS. GUIDANCEMODE

replies with the current guidance phase. ALTITUDEHOLDCOMMAND

commands the missile to hold a constant altitude. GUIDANCECOMMANDS

calculates the commanded accelerations or guidance commands.

G. THE RF AND IR SEEKERS

The missile uses its RF or IR seeker to get information about the target [Ref. 20].

At longer ranges, the missile simply receives the RF energy reflected off the target

from the launch aircraft's radar. This is known as the semi-active phase. The launch

aircraft's radar operates in the X-band frequency range. Initially the aircraft's radar

is in the X-band acquisition mode and upon acquiring the target enters the X-band

track mode. At medium ranges, the missile's on-board radar activates to provide

target information. This is known as the active phase. The missile's radar operates

in the K-band frequency range. The missile's radar is initially in the K-band

acquisition phase and enters the K-band track mode upon acquiring the target. At

short ranges, the missile activates its IR seeker to acquire and track the target in the

terminal phase of flight. Like the RF seeker, the IR seeker has an initial acquisition

mode that is followed by a track mode once the target is acquired. In summary, at
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long ranges the launch aircraft's more powerful radar provides the best target

information, while at medium ranges the missile's own radar provides the best target

information, and at short ranges the missile's IR sensor provides the best target

information. Modeling missile seekers is very complex and involves security issues.

The seekers modeled here are rudimentary and future seeker work is discussed in

Chapter VII.

The RFSEEKER's external messages are SETUP, INITIALIZE, GIMBAL, and

DETECTION (see Figure B.7). SETUP establishes the number of targets and SOJs,

ECM techniques and power, and the target's RCS. INITIALIZE initializes the RF

phase and radar power levels. GIMBAL, given the missile-to-target range vector,

replies with the seeker gimbal angles. DETECTION, given missile-to-target range

and launch aircraft-to-target range, responds with the RF phase, SNR, the selected

target number, and bore sight error (BSE). The missile's BSE in this simulation is

the same as the LOS, an imaginary line from the missile's seeker to the target. The

BSE to target two is the angle between the BSE to target one and the LOS to target

two. This parameter affects power levels received by the missile's radar.

RFSEEKER's internal messages are BORESIGHTERROR

MSLANTGAINSSA, MSLANTGAINSA, SAPOWERS, APOWERS,

SAPHASE, APHASE, SADETECT, and ADETECT. BORESIGHTERROR

calculates the bore sight error to the targets and SOJs. This defines the encounter

geometry for the radar system and affects the corresponding power levels of the

targets and SOJs seen by the radar system. MSLANTGAINSSA and
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MSLANTGAINSA calculate the appropriate gain of the missile's radar antenna

depending on the RF phase. SAPOWERS and APOWERS calculates the power

received by the missile's radar receiver based on the classic radar range equation

[Ref. 21]. SAMODE and AMODE determine the RF mode, acquisition or track,

for the semi-active and active RF phases. The SADETECT and ADETECT

determine whether or not the missile can detect a target given the power level

received.

IRSEEKER's messages are INITIALIZE and DETECTION as shown in Figure

B.8. INITIALIZE establishes the IR phase and initializes search, acquisition and

track times. DETECTION, given missile-to-target range, replies with the IR phase

and Boolean RADOME OFF, indicating the state of the radome.

H. THE LAUNCHER

The LAUNCHER object represents the aircraft that carries and launches the

missile. LAUNCHER withes MATH for math operations and ENVIRONMENT for

its SPEEDOFSOUND message (see Figure B.9). LAUNCHER's messages are

INITIALIZE, MSLINIT, SETUP, LOGDATA, GET-STATES, PUTSTATES,

GETDERIVATIVES, POLE and COMPUTE.

INITIALIZE initializes the launch aircraft's velocity and position. MSLINIT

provides launch aircraft initialization information for use by the missile. This

message provides the missile with the launch aircraft's velocity and position, and

certain radar characteristics based on the launch aircraft type. SETUP establishes
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the launch aircraft's guidance phase, lead angle, mach, and altitude. LOGDATA

provides the launch aircraft's position to the sender. GETSTATES returns the

launch aircraft's state vector, while PUTSTATES updates the launch aircraft's state

vector. The derivatives of the launch aircraft's state vector are supplied with

GETDERIVATIVES. POLE provides the distance from the launch aircraft to the

target. The COMPUTE message provides the launch aircraft's velocity if the launch

aircraft is in the pursuit guidance mode.

I. THE TARGETS

The TARGETS object models the aircraft that the missile is to intercept. The

Ada package TARGETS is made up of four targets. Two of these targets, target one

and target two, are treated as the primary targets, and targets three and four are

treated as stand off jammers (SOJs). TARGETS withes MATH, ENVIRONMENT,

and MISSILE, as shown if Figure B.10. TARGETS withes MATH for mathematical

operations and uses ENVIRONMENT for its time keeping services and its

SPEEDOFSOUND message. TARGETS uses the MISSILE message

MANEUVER-VALUE to coordinate target maneuvers.

TARGETS' messages are SETUP, INITIALIZE, LOGDATA, GETSTATES,

PUTSTATES, GETDERIVATIVES, TGTDATA, and COMPUTE. SETUP sets

up the user entered target parameters. INITIALIZE computes the initial position

and velocity parameters for the targets. INITIALIZE also calculates the final turn

angle and weave period if appropriate. LOG-DATA provides the targets' position,
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velocity and heading data for data logging. GET-STATES and PUTSTATES put

and get the targets' state vector (position), respectively. GETDERIVATIVES

provides the derivatives of the targets' state vector (velocity). TGTDATA provides

both target position and velocity data to the sender. TGTASPECT provides the

sender with the target one's aspect angle.

COMPUTE is the heart of TARGETS. COMPUTE calculates the targets'

position, velocity and heading angle dependent on target maneuver. Appropriate

conditions are checked resulting in the setting of flags and the times for the

corresponding target maneuver. Then the build-up time must be considered. The

build-up time is the time from the initiation of the maneuver until the desired

number of g's is achieved. This models the real world condition that commanded

maneuvers are not achieved instantaneously. The rate of change of the target's

heading is then calculated along with the number of g's the target is experiencing.

The current target heading angle is then compared with the final desired turn angle.

The target velocity vector and mach are then computed. Finally, the second target's

position is computed based on its geometric relation with the first target. To

summarize, the target heading angle is calculated based on maneuver type. Because

the targets have a constant velocity, the target heading angle is required to compute

the velocity vector, which in turn permits the computation of the targets' position

vector.
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J. THE ENVIRONMENT

The ENVIRONMENT provides atmospheric and time information.

ENVIRONMENTs messages are SETTIME, TIME, AIR-DENSITY, and

SPEEDOFSOUND (see Figure B.11). ENVIRONMENT is the simulation's time

keeper. SETTIME allows the system time to initialized and incremented. The

TIME message provides the current system time. AIR-DENSITY provides the air

density for a given altitude, while SPEED OF SOUND provides the speed of sound

at a given altitude [Ref. 9].
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VII. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

This thesis has explored using object oriented techniques and software engineering

principles in conjunction with the Ada programming language to develop a missile

flight simulation. By using these techniques and principles the problem space is

accurately mapped into software. This, along with the principles of abstraction,

information hiding, modularity, loose coupling, and strong cohesion produced a

simulation that is easily understood, modifiable, efficient and reliable.

Although understandability can be very subjective, all of the missile analysts who

reviewed the simulation agreed that the code is much more easily understood than

previous FORTRAN versions. Modularity, high cohesion, and loose coupling

permitted the simulation to be modified in easily. Modules were designed to serve

a single purpose and to make use of only the data or control information presented

by the interfaces of other modules. All the interfaces are well defined and are

standard for that particular module. A good example is the abstraction of the missile

airframe subsystem. By being modular and having a standard well defined interface,

this subsystem evolved from a program stub to a fairly complex model with minimal

programming effort. Also by having a standard well defined interface between

objects or modules, a library of different models can be built to explore different

missile and target configurations. The simulation is simply relinked with the desired
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module. This allows a number of different models to be built relatively quickly.

These models then can be used for comparison studies.

Through abstraction, information hiding, and modularity a very efficient user

interface was developed. The simulation has also proven itself to be highly reliable,

producing consistent results that agree with missile system expert's predictions. The

simulation has also proven to be quite robust, surviving the most mischievous users

without crashing.

B. RECOMMENDATIONS AND FUTURE WORK

This thesis has laid the ground work for a generic missile flight simulation that

will evolve to model existing classified missile systems. The continued improvement

of the var~us models used in the simulation is highly recommended. Future work

includes consulting local Pacific Missile Test Center missile system experts to

improve and validate models. This will involve modifying the generic MISSILE to

model a specific missile system. Work could then progress on the classified aspects

of the missile's radar system and the electronic countermeasures aspects of the

simulation. This might include modifying the ENVIRONMENT to model IR

environmental concerns such as fog and haze, and radar environmental concerns such

as ground clutter. The objects or modules will permit the experts to concentrate on

the detailed level of their particular area of expertise, isolated, if desired, from the

programming details of the other objects. Drivers will be developed to permit these

objects to be tested stand-alone as individual compcnents.
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Work is also underway on the SYSTEMSPECIFIC and LOWLEVEL objects

for the Apple MacIntosh computer. Once these objects are developed the simulation

will run on the MacIntosh computer. A particularly good area for future work

involves the data the simulation generates. The simulation is capable of generating

large amounts of data that must be interpreted by analysts. Work is progressing on

a object or package that will plot the data sets. Future work might include an expert

system that reviews the data to assist the analyst in identifying problem areas in

missile performance.
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APPENDIX A

CONTROL AND SUPPORT OBJECT DIAGRAMS

CONTROL OBJECTS

USER-

EXECUTIVE APPLICATION INTERFACE

SUPPORT OBJECTS

SYSTEM- REAL-
SPECIFIC INTEGRATION MATH MATRIX

Figure A.1 The Control and Support Objects
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EXECUTIVE

Withes

APPLICATION

USER-INTERF C

Messages
none

Figure A.2 The EXECUTIVE
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APPLICATION

Withes

none

Messages
External

INITIALIZE-SYST EM
INITI ALI ZL..IMULATION
NUMBEROF-STATL..VAR I ABLES
GET-STATES
PUT-ST AT ES
COMPUTE-DERI VATI VES
LOG-DATA
END-CONDI TI ONS-MET
END-OF-RUN
CH ECK-PAU SE
SIMULATION-M1AIN

Figure A.3 The APPLICATION
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USERJ NTERFACE
Withes

MATH I
APPLICATION I

SYSTEM-SPECIFIC ]
TEXT1O 

REAL-IO ]

Messages

External
MAIN
SHOWTITLESCREEN
DRAWRUNTIMEBORDER
SETUPRUNTIMESCREEN
LOADDAT AFILE
SAVEDATAFILE
START-RUN

Internal
DI SPLAY-MENU
SETUPJMENUDATA
GET-TEXT
GET-REAL

Figure A.4 The USER-INTERFACE
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SYSTEM-SPECIFIC

Withes

SYSTEM

PROGRAM-CONTROL

INTERRUPT

COMMONDISPLAYTYPES

TTY

BOX

Messages
External

INITVIDEO
DRAW-BOX
CLEAR-SCREEN
REVERSEVIDEOON
RE VERSEV I DEOOFF
MOVE-CURSOR
TURNCURSORON
TURNCURSOROFF
PUT-STRI NG
PUT-REAL
I NPUT-STRI NG
KEY-AVAILABLE
GET-KEY
GETJMENUCOMMAND

Figure A.5 SYSTEM-SPECIFIC
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INTEGRATION

Withes
M1ATH

ENV IRONMENT

APPLICATION

Messages
External

INITIALIZE
TIME-STEP-.SIZE
SET-TI ME-STE-S I ZE
ADVANCE-TIME

Figure A.6 INTEGRATION
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MATH

Withes
I MATH-LIB

Messages
External

LOG
LIMIT

MIN
MAX

Instantlates
REA L-MATRPI X

Messages
External

MAGN ITUDE
CROSS-PRODUCT
TRANSPOSE
IDENTITY
DETERM INANT
INVERSE

Figure A.7 MATH
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APPENDIX B

PROBLEM SPACE OBJECT DIAGRAMS

OBJECTS REPRESENTING THE
THE PROBLEM SPACE

LAUNCHER MISSILE TARGETS

SUBSYSTEMS TARGET I

I TARGET 2

ISOJ 2

KINEMATICS ENVIRONMENT

Figure B.1 The Software Mapping of the Problem Space
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MISSILE
Withes

LAUNCHER

TARGETS

KINEMATICS

ENVIRONMENT

MATH

INTEGRATION

Subsystems

AIRFRAME

AUTOPILOT

RFSEEKER
IRSEEKER

GUIDANCE

Messages

External

SETUP
INITIALIZE
PUT-STATES
GET-STATES
GET-DERI VATIVES
LOG-DATA
MANEUVER-VALUE
ENDCONDITIONSMET
TERM I NAL-COND IT IONS
COMPUTE

Figure B.2 The MISSILE
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KINEMATICS

Withes 
M T

RE AL-N1ATRPIX

ENV IRONMENT

Messages
External

SETUP
COMPUTE
EQUAT IONS-OFJ-OT ION
MACH-NO
DI RCOS

Figure B.3 KINEMATICS
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AIRFRAME

Withes

REALJIATRIX__
INTEGRATION I

I ENVIRONMENT ]
I AUTOPILOT I

Messages
External

INITIALIZE
AERO
THRUST

Figure B.4 The AIRFRAME
86



AUTOPILOT

Withes

[ MATH

REAL-MATRIX

INTEGRATION

[ ENVIRONMENT

Messages

External
INITIALIZE
UPDATEDIFFEQS
ACCELERATIONS
COMPUTE

Figure B.5 The AUTOPILOT
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GUIDANCE

Withes

MATH

I REAL - MATRIX I
I ENVIRONMENT

Messages
External

INITIALIZE
COMPUTE

Internal
GUIDANCE-MODE
ALTITUDEHOLDCMD
GUIDANCE-COMMANDS

Figure B.6 GUIDANCE
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SF5 E EKE P

Withes

I MATHI
REAL-MATRIX

IENVIRONMENT
Mlessages

External
EXTERNAL
SETUP
GIMBAL
DETECT ION

Internal
BORES IGHT-.ERROR
MSL..ANT-GAI NS
POWERS
PHASE
DETECT

Figure B.7 The RF-SEEKER
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I FLSEEKER

Withes MT

IREAL-MATRIX
I ENVIRONMENT ]

Messages
External

SETUP
INITIALIZE
DETECT ION

Figure B.8 The IR-SEEKER
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LAUNCHER

Withes
MATH

ENV IRONMENT

Messages
External

INITIALIZE
MSL-INIT
SETUP
LOG-DATA
GET-STATES
PUT-STATES
GET-DERI VATI VES
POLE
COMPUTE

Figure B.9 The LAUNCHER
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TARGETS

Withes

I MATH]
IREAL-MATRIX
IENV IRONMENT]

I LAUNCHER
MISSILE

Messages
External

SETUP
INITIALIZE
LOG-DATA
GET-.ST ATE S
P UT-..ST AT ES
GET-DERI VATI VES
TGT-DATA
COMPUTE

Figure B.10 The TARGETS
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ENVIRONMENT

Withes

MATH

REAL - MATRIX

Messages

External

SET-TIME
TIME
AI RDENSITY
SPEEDOFSOUND

Figure B.11 The ENVIRONMENT
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APPENDIX C

CONTROL OBJECT SOIECE OWE LISTING

-- Simulation Executive Procedure

-- This is the top level procedure for the simulation.

with APPLICATION;
with USER INTERFACE;

procedure SIN is
begin

APPLICATION. INITIALIZESYSTEM;

USER.) NTERFACE .MAIN;
end SIN;

-- Application Package Specification

This package contains the application specific functions called by the
-- general Executive Package.

with MATH; use MATH;
with REAL MATRIX; use REAL MATRIX;
with MOCEL TYPES; use MODEL TYPES;

package APPLICATION is
function NUMBER OF STATE-VARIABLES
return integer;

function END CONDITIONN4ET
return boolean;

procedure INITIALIZE SYSTEM;

procedure SIMULATIONMAIN(
SETUP-VALUES : in SETUP VALUES TYPE);

procedure GET-DERIVATIVES (
DERIVATIVES : out VECTOR);

procedure GET-STATES (
STATES : out VECTOR);

procedure PUT-STATES (

STATES : in VECTOR);

procedure COMPUTE-DER IVAT IVES;

procedure LOG-DATA;

procedure ENDOFRUN;

procedure GETJTIMES(TIMEARRAY out VECTOR; NUBER.OF-VALUES out
integer);

procedure GET.VARIABLE(WNICH.VARIABLE : in integer; RETURN-VARIABLE
out VECTOR; NUMBEROFVALUES : out integer);

end APPLICATION;
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Application Package Body

o- This package contains the application specific functions called by the
-- general Executive Package.

with MATH; use MATH;
with MODEL TYPES; use MODELTYPES;
with REAL MATRIX; use REAL-MATRIX;
with ENVIRONMENT;
with SYSTEM SPECIFIC;
with USER INTERFACE;
with MISSILE;
with LAUNCHER;
with TARGETS;
with CaLendar; use CaLendar;
with Text io;
with REAL 10;
with INTEGRATION;
with LOW LEVEL GRAPHICS;
with UNCHECKEDDEALLOCATION;

package body APPLICATION is
LOGGING TO DISK : booLean;
MEMORY FULL boolean;
LOG INTERVAL integer; -- Frames between data Logging
LOGRECORD : LOGRECORD TYPE;

type LOGGED-DATA;
type LOGGEDDATA PTRTYPE is access LOGGED-DATA;
type LOGGED-DATA is
record

time : reaL;
DATA : LOGRECORDTYPE;
NEXT RECORD : LOGGEDDATAPTRTYPE;

end record;

pragma PACK(LOGGED DATA);

FIRST DATA RECORD : LOGGED DATA PTR TYPE := nuLL;
CURRENT DATARECORD : LOGGED DATAPTRTYPE;

TERMINATE-FLAG : bootean;

START TIME : Time;

LOG DATA FILE : Text io.FiLe type;
ISSILE STATES : VECTOR(1..6);
LAUNCHER STATES VECTOR(1..3);
TARGET-STATES : VECTOR(1..3);

procedure LOG-DATA is separate;

procedure SHOWTERMINALCONDITIONS is
A POLE : REAL;
MISS DISTANCE: REAL;
TIME OF FLIGHT: REAL;
ALTITUDE: REAL;
RDOT: REAL;
STOP CONDITION: STOPCONDITION TYPE;

begin
MISSILE.TERMINAL CONDITIONS(A_POLE, MISS-DISTANCE, TIMEOFFLIGHT,

ALTITUDE,RDOT,STOP CONDITION);

SYSTEM SPECIFIC.PUTREAL( 2,29, TIME OF FLIGHT);
SYSTEMSPECIFIC.PUTREAL( 3,67,ALTITUDE, 1); -- Altitude
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SYSTEM SPECIFIC.PUTREAL( 15,67,MISS-DISTANCE/ FEET-PER-NMI , 1);
SYSTEM-SPECIFIC.PUT-REAL(16,67,RDOT, 1);
SYSTEM-SPECIFJC.PUT-STRING21,41, "Reason for termination :"1);
SYSTEM SPECIFIC.PUT STRINGC21,68, STOP REASOW(STOP CONDITION));

if MISS DISTANCE < 10 000.0 then
SYSTEM SPECIFIC.PUT STRING(22,41, "-Miss Distance, ft 1)
SYSTEM SPECIFIC.PUT REAL(22,*67. MISS DISTANCE,2); -- Miss-Dist, ft

end if;

if MISSILE.IS ACTIVE then
SYSTEM SPECIFIC.PUT STRING(23,41, "-A-Pole, NMI
SYSTEM SPECIFIC.PUT REAL(23,67, A-POLE / FEET PER NM!); -- A-Pote

end if;
end SHOW TERMINAL CONDI TIONS;

poeueINITIALIZE SIMULATION(OTPJT FILE : in srn)i
procedure FREE is new UNCHECKEDDEEALLOCATION(

LOGGED-DATA, LOGGED DATA PTR TYPE);

PREV DATA RECORD : LOGGED DATA PTR-TYPE;
begin

if FIRST DATA RECORD /z nulL then
CURRENT DATA RECORD := F IRST DATA RECORD;
white CURRENT DATA RECORD.NEXT RECORD /= null Loop

PREV -DATACRECORD :=CURRENT DATA RECORD;
CURRENT DATA RECORD :- CURRENT DATA RECORD. NEXT RECORD;
FREE(PREV DATA RECORD);

end Loop;
FREECCURRENT DATA RECORD);
FIRST DATA RECORD := nutt;

end if;

TERMINATE-FLAG := false;
LAUNCHER. INITIALIZE;
TARGETS.INITIALIZE;
MISSILE. INITIALIZE;
USERJINTER FACE .SE TUP RUNT IME SCREEN;
START-TIME := Clock;
MEMORY FULL :z false;
if LOGING TO DISK then

Text io.Create(LOG DATA FILE, Text io.Out-fi Le, OUTPUT FILE);
Text io.Put(LOG DATA Fl LE

"Tim *MsL - os N ,MsLPosE ,Attitude RLAC-Tgt 1");
Text io.Put(LOG DATA FI LE,

"'Velocity *Msllead-A,PitchAng ,MsL-Mach ,RangeTgt ,");
Text io.Put(LOG DATA FILE,

"-Range Rate,Time To GO,Skr TotAnig,SkrELAng,Skr Az Ang,")
Text io.Put(LOG DATA F! LE,

"-El Rate Tl ,Az Rate T1,AttRate ,AzAccCd,EL.AccCmd,11);
Text io.Put(COG DATA FILE

WX Ax is_ cc,Az-Acc-Ach,EL-Acc-Ach,MsL-Mass *Thrust ,)
Text i;.Put(LOG DATAFl LE

Tot Alpha *Alpha *Beta *SWR ,DragCoef 1");
Text io.Put(LOG DATA FI LE,

";Tgt Type *,Tgt 1 SSE ,Tgt 2 SSE ,Tgt 3 SSE ,Tgt 4 BSE 11);
Text io.PutCLOG DATA FILE

WLACPea N LACios E ,LACALt *T1_PosN ,T1PosE H");
Text io.Put(LOG DATA FILE

;;T1 Alt ,T2_PoN ,T2PoE ,T2_At ,TIVet 11);
Text io.Put(LOG DATA FI LE,

"-Ti Mach -TlHdgng,Guid-Phase,Mst-Phase ,RF-Phase ,");
Text io.Put(LOG DATA FILE

"-IR Phase ,Radom-Off :Prop-Phase");
Text lo.NewL ineCLOG DATA FILE);

end if;

COMPUTE DERIVATIVES;
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enid I NITIALIZE SIMULATION;

procedure CHECK-PAUSE is
KEY-AVAILABLE :bootean;
KEY :character;

begin
USER INTERFACE .KEYBOARD HANDLER .KEY AVAILABLE(KEY AVAILABLE);
if niot END CONDITION-MET and not KEY-AVAILABLE then

return;
end if;

USER INTERFACE.KEYBOARD HANDLER.GET KEY NOWAIT(KEY, KEY-AVAILABLE);
if END CONDITION MET or else (KEY-AVAILABLE and KEY = )then

SYSTEM SPECIFIC.REVERSE VIDEO 0N;

if END CONDITION MET then
SYSTEM SPECITIC.PUT STRING(24, 12,

11 Run comUpeted. Press space bar to return to main menu "1);
else

SYSTEM SPECIFIC.PUT STRINGC24, 15,
'* ress space bar to continue run, T to terminate 11);

end if;

SYSTEM SPECIFIC.REVERSE VIDEO OFF;

L oop
USER INTERFACE.KEYBOARD HANDLER. GET KEY WAI T(KEY);

if KEY = ' then
if not END CONDITION MET then

USER INTERFACE .DRAW RUNT IME BORDER;
end if;
exit;

end if;

if KEY = It' or KEY I T' then
TERMINATE-FLAG :=true;
ex it;

end if;
end loop;

end if;
end CHECK-PAUSE;

procedure SIMULATION -MAIN(SETUP -ALUES :in SETUP-VALUESJTYPE) is
FRAME NUMBER :integer;
NEXT LOGGING FRAME :integer;

begin
LOGGING TO-DISK := bootean'vat(YES-NO-TYPE'pos(SETUP-VALUES.LOG-DATA));

LAUNCHER .SETUP(SErUP VALUES. INT GUIDANCE,
DEG TO RAD*SETUP VALUES. INT LEAD ANGLE I C,
SETU1P.ALUES. INT MACHIC,
1000.O*SETUP VALUES. INT ALT ITUDEIC,
SETUP VALUE.I NT TYPEIC);

TARGETS. SETUP(DEG TO-RAD*SETUP VALUES. TGT ASPECTI C,
SETUP. VALUES. TGT2 ANGLEIC,
SETUPyVALUES.TGT M ACHIC,
SETUP VALUES .TGT TURN G IC,
SETUP-VALUES .TGT UEAVE PER I C,
SETUP VALUES. TGT TURNON VALUEIC,
DEG T3RAD*SETUP-VALUES . TGT TURN ANGI C,
SETUP VALUES.TGT UI LDUP TIME IC,
SETUP -VALUES.TGT RANGEIC,
SETUP VALUES.TGT ALT ITUDE IC,
SETUP -VALUES. SOJ ANGLE_ C,
SETUP VALUES.MANEUVER KIND,
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SETUP VALUES.TGT TWO IC,
SETUP VALUES. SOJ.ONEJIC,
SETUP -VALUES.SOJ Two IC,
SETUP VALUES. TURN ON PARAMETER);

MISSILE .SETUP(SETUP VALUES. LAUNCH TYPE,
SETUP -VALUES .TGT RCS IC,
SETUP -VALUES. TGTT 1 IRSI ZE,
SETUP -VALUE S.TGT2 IRS! ZE,
SETUP VALUES. TGT T WIC,
SETUP ALUES. SOJ ONE_ C,
SETUP-VALUES .SOJ -TWO IC,
SETUP VALUES. TGT ECH POWER I C,
SETUP-VALUIES. TGT EON TECHIC
SETUP VALUES .5W ECH TECH I C);

LOG-INTERVAL :=SETUP VALUES. LOG INTERVAL;
ENVI RONNENT. SET-TIM1E(0.O0);
INTEGRAT ION.SET T IME STEP SIZE(SETUP VALUES. FRAME TIME)
NEXT LOGGING FRAME := 1;
FRAME NUMBER :=0;
INITIALIZE SIMULATION(SETUP VALUES.OUTPUT-FI LE);
INTEGRATION.INITIALIZE;

white not END CONDITION M4ET loop
FRAME NUMBER :=FRAE NUMBER + 1;

if FRAME NUMBER = NEXT LOGGING FRAME then
LOG DATA;
NEXT -LOGGING-FRAME := NEXT LOGGI NG FRAME + LOG-INTERVAL;

end if;

INTEGRATION .ADVANCE TIME;

if END CONDITION M4ET then
LOG9 DATA;
SHOW TERMINAL COND IT IONS;

end if;

CHECK-PAUSE;

end loop;

END OF RUN;

end SIMULATION MAIN;

function NUMBER -OF -STATE-VARIABLES
return integer is

begi n
return 14;

end NUMBER OF STATE VARIABLES;

function END CONDITION MET
return boean is

begin
if TERMINATE FLAG or MISSILE.END CONDITIONS MET then

return true;
else

return false;
end If;

end END CONDI TION MET;

procedure INITIALIZE-SYSTEM is
begi n

SYSTEM SPECI FIC. INIT VIDEO;
USERlITERFACE .SHOW TITLE SCREEN;
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end INITIALIZE-SYSTEM;

procedure GET DERIVATIVES (
DERIVATIVES :out VECTOR) is

begin
DERIVATIVES(1..6) MISSILE.GET DERIVATIVES;
DERIVATIVESC7. .9) LAUNCHER.GET DERIVATIVES;
DERIVATIVES(1O. .12) := TARGETS.GET DERIVATIVES;

end GET-DERIVATIVES;

procedure GET-STATES (
STATES :out VECTOR) is

begin
STATES(1..6) :~MISSILE.GET STATES;
STATES(7. .9) :~LAUNCHER.GET STATES;
STATES(1O. .12) :=TARGETS.GET STATES;

end GET-STATES;

procedure PUT-STATES (
STATES :in VECTOR) is

begin
MISSILE-STATES := STATES(1..6);
MISSILE .PUT STATES(NISSI LESTATES);
LAUNCHER-STATES :=STATES(7. .9);
TARGET-STATES :=STATES(iD. .12);
LAUNCHER. PUT STATESC LAUNCHER S TATES);
TARGETS. PUT STATES(TARGET STATES);

end PUT-STATES;

procedure COMPUTE-DERIVATIVES is
begin

LAUNCHER .COMPUTE;
TARGETS. COMPUTE;
MISSILE.COMPUTE;

end COMPUTE-DERIVATIVES;

procedure END OF RUN is
begin

if LOGGING TO DISK then
Text -io.Close( LOG DATA FILE);

end if;
end END OF RUN;

procedure GET.TIMES(TIME ARRAY :out VECTOR; NUMB8ER-OF-VALUES :out
integer) is
NUMBER VARIABLES : integer;
DATA-RECORD LOGGED DATA PTR TYPE;

beg in
DATA-RECORD :FIRST DATA RECORD;
UMER VARIABLES :z 1;
white (DATA -RECORD /- nutt) loop

TIME-ARRAY(N&JMSER VARIABLES) :z DATA RECORD. Time;
DATA RECORD := DATA RECORD .NEXT RECORD;
NUMBER -VARIABLES :z NUMBER VARIABLES + 1;

end loop;
NUMBER OF VALUES := NUM4BER-VARIABLES -1

end GET-TIMES;

procedure GET VARIABLECWHICH VARIABLE :in integer; RETURN-VARIABLE
out VECTOR; NUMBER OF VALUES :out integer) is
NM MER VARIABLES : integer;
DATA-RECORD : LOGGED DATA PTR TYPE;
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beg in
DATA-RECORD :=FIRST DATA RECORD;
NUMBER-VARIABLES := 1;
while (DATA RECORD /= nut() loop

if (WHICH VARIABLE >= 50) then
RETURN VARIABLE(NUMBER VAR IABLES)
DATA RECORDOATA.LAUNCHER DATA.REAL VALUE(NHICH VARIABLE-50);

-- F11 FIX LAUNCHER DATA ALso see PLOT.ADA
else

RETURN VAR IABLE (NUMBER VARIABLES)
DATA R ECORD .DATA.NISSILE DATA.REAL VALUEC UN ICH VARIABLE)

end if;
DATA RECORD := DATA RECORD. NEXT RECORD;
NUMBER-VARIABLES :2 -NUMBER VARIABLES + 1;

end Loop;
NUMBER OF VALUES := NUMBER-VARIABLES - 1;

end GET-VARIABLE;
end APPLICATION;

-Application Package Subunit

-This package contains the application specific functions called by the
-general Executive Package.

separate (APPLICATION)

procedure LOG-.DATA is
beg in

LOG RECORD.MISSILE DATA :=MISSILE. LOG DATA;
LOG RECORD. LAUNCHER DATA : = LAUNCHER. LOG DATA;
LOG RECORD.TARGET..DATA :=TARGETS.LOG DATA;

begin
if not MEMORY FULL then

if FIRST DATA RECORD 2 nuit, then
FIRST DATA RECORD new
LOGGED DATA'(time =envirorment.time,
DATA ;> LOG-RECORD, NEXT-RECORD => nuLL);
CURRENT-DATA-RECORD := FIRST DATA-RECORD;

e lse
CURRENT -DATA -RECORD.NEXT RECORD := new
LOGGED DATA'(time a) envirorunent.time,
DATA :; LOG-RECORD, NEXT-RECORD => nuLL);
CRRENT-DATA-RECORD := CURRENT DATA RECORD. NEXT RECORD;

end if;
end if;

exception
when STORAGE ERROR =>

MEMORY -FULL := true;
SYSTEM SPECI FIC.REVERSE VIDEO ON;
SYSTEM SPECIFIC.PUT STRIMG(2O, 41,

"Data memory fuLLt at tim -1)
SYSTEM -SPECIFIC.PUT REAL(20,67, ENVIRONMENT.Time);

en; SYSTEM SPEC F IC. REVERSE VIDEO-F;

if LOGGING-TO DISK then
REAL-IO.Put(LOG DATAFILE, ENVIROMENT.Time, AFT =;, 3);
Text-io. Put(LOG DATAFILE, I%");

for I in 1..34 Loop
REAL-IO.Put(LOG DATA FILE, LOG RECORD.MISSILEDATA.REAL VALUE( I),

AFT => 3);
Text-io.Put(LOG DATAFILE, *,)

end Loop;
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for I in 1-.12 Loop
REAL IO.Put(LOG DATA FILE, LOG RECORD. LAUNCHER DATA.REAL VALUE( I),

AFT z> 3);
Text -io.Put(LOG DATA FILE,",)

end Loop;

Text i o.Put(LOG :)ATAFILE, integer' image(OUIDANCE PHASE TYPE'pos(
LOG RECORD .MISSILE DATA .GUIDANCE PHASE))

Text-i o.Put(LOG DATA PILE,",)

Text-i o.Put(LOjG DATA -FILE, integer' image(RF PHASE TYPEl 'pos(
LOG-RECORD.MISSILEDATA.RF-PHASE_ )));

Text i o.Put(LOG-DATAJFILE, 11,1);

Text i o.Put(LOG -DATA.FILE, integer' inage(RF PHASETYPE2'pos(
LOG RECORD.MISSILE DATA.RF PHASE 2)));

Text-i o.Put(LOG DATA FILE,"")

Text-i o.Put(LOG DATA FILE, integer' imageclR PHASETYPE'pos(
LOG RECORD.MISSILE DATA. IR-PHASE)));

Text i o.Put(LOG DATA FILE, "I");

Text-i o.Put(LOG -DATA FILE, integer' iiage(bootean'pos(
LOG RECORD .MISSILE DATA.RADOME OFF)))

Text-i o.Put(LOG DATAFILE, 11,");

Text-i o.Put(LOG DATA FILE, integer' image(PROPUL-TYPE'pos(
LOG RECORD .MISSILE DATA.PROPULSIONPHASE )) );

Text -i o.New Line(LOG DATA FILE);
end if;

SYSTEM SPECIFIC.PUT REAL( 1,29, REAL(Ctock - START-TIME));
SYSTEM SPECIFIC.PUT REALC 2,29, ENVIRONMENT.Time);
SYSTEM SPEC I FIC .PUT-REAL( 3,29,

LOG-RECORD.MISSILE-DATA.REAL-VALUE(11)); -- Time to go
SYSTEM SPECIFIC.PUT STRING( 5,30,

RF-MODE(LOG-RECORD.MISSILE-DATA.RF-PHASE-2)); -- RF seeker mode
SYSTEM -SPECI FIC.PJT STRING( 6,30,

IR -MODE(LOG -RECRD.MISSILE -DATA.IR PHASE)); -- IR seeker mode
SYSTEM SPECIFIC.PUT REAL( 7,29, LOG-RECORD.MISSILE-DATA.REAL-VALUE(14));
-- Az GitrbaL Angie
SYSTEM SPECIFIC.PUT REAL( 8,29, LOG-RECORD.MISSILE-DATA.REAL-VALUE(13));
-- EL GimbaL Angie
SYSTEM SPECIFIC.PUT REAL( 9,29, LIMIT(LOG RECORD.MISSILE DATA.

REAL VALUE(16),9999.9999), 4); --- Az LOS Rate
SYSTEM SPECIFIC.PUT REAL(10,29, LINIT(LOG RECORO.MISSILE DATA.

REAL VALUE(15),9999.9999), 4); --- EL LOS Rate

SYSTEM SPECIFIC.PUT STRING(12,30, GUIDANCE MODE(
LOG TRECORD.MISSILE DATA.GUIDANCE PHNASE)); -- Guidance mode

SYSTEM SPECIFIC.PUT REAL( 13,29,
LOG RECORD.MISSILE DATA.REAL VALUE(18) IG, 4); Az Acc Cmd

SYSTEM SPEC! FIC.PUT REAL(4,29,
LOGRfECORD.N4ISSILE.DATA.REAL-VALUE(19) /G, 4); -- El Acc Crnd

SYSTEM SPECIFIC.PUT STRING016,3O, PROPULSION MODE(
LOG TRECORD.MISSILE DATA.PROPULSION PHASE)); -- PropuLsion mode

SYSTEM SPECI FIC.PUT REAL( 17,29,
LOG RECORD.M4ISS1LE-DATA.REAL VALUE(24), 1); -- Thrust

SYSTEM SPECI FIC.PUT-REAL(19,29,
LOG-RECORD.MISSILE-DAYA.REAL-VALUE(23)); -- Mat Weight

SYSTEM SPECIFIC.PUT-REAL(20,29. LOG-RECORD.MISSILE-DATA.REAL-VALUE(26));
-- Mat Atpha
SYSTEM SPECIFIC.PUT REALCZ1,29, LOG-RECORD.MISSILE-DATA.REAL-VALUE(27));
-- NIL Bets

SYSTEM SPECIFIC.PUT REALC 1,67,
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LOG-RECORD.M!SSILE-DATA.REAL-VALUE(8), 3); -- Mach
SYSTEM-SPEC! FIC.PUT TJEAL( 2,67,

LOG RECORD.MISS!LE DATA.REAL-VALUE(5), 1); -. Vetocity
SYSTEMSPEC! FIC.PUTREAL( 3,67,

LOG-RECORD.M!SSILE-DATA.REAL-VALUE(3), 1); -- Attitude
SYSTEM SPEC! FIC.PUT REAL( 4,67,

LOG-RECORD.MISS!LE-DATA.REAL-VALUE(17)); -- Attitude Rate
SYSTEM SPECIFIC.PUT REAL( 5,67, LOG-RECORD.M!SSILE-DATA.REAL-VALUE(7));
--Pitch Angte

SYSTEM SPECIFIC.PUT REAL( 6,67, LOG-RECORD.MISSILE-DATA.REAL-VALUE(6));
-- Yaw Angle
SYSTEM SPEC FIC .PUT REAL( 7,67, LOG RECORD.

MiSILE DATA.REAL VALUEdl) / FEET PER NM! , 1);-- Mst Downrange
SYSTEM4 SPEC! FIC.PUTREAL( 8,67, LOG-RECORD.

MISILE DATA.REAL VALUE(2) / FEET PER NM! , 1); -- sL Crossrange
SYSTEM-SPEC! FIC.PUT TREAL 0.,67,

LOG-RECORD.M!SSILE-DATA.REAL-VALUE(20) / G, 4); -- X Axis AcceL
SYSTEM SPECIFIC.PUT REAL01l,67,

LOG-RECORD.M!SSILE-DATA.REAL-VALUECZ1) / G, 4); -- Y Axis AcceL
SYSTEM SPEC! FIC.PUT REAL( 2,67,

LOG-RECORD.MISS!1LE-DATA.REAL-VALUE(22) I G, 4); -. Z Axis Accet

SYSTEM SPECIFIC.PUT REAL(15,67, LOG RECORD.
MISSILE OATA.REAL VALUE(9) / FEET PER NM! , 1); -- Mst-Tgt Range

SYSTEM SPECI FIC .PUT REAL( 4,67, LOG RECORD.
MISILE DATA.REAL VALUE(4) / FEET PER NM! , 1); -- Lnchr-Tgt Range

SYSTEM SPEC! F!C.PJTREALC17,67,
LOG-RECORO.LAUNCHER-DATA.REAL-VALUE11), 3); -- Tgt Mach

SYSTEM SPEC! FIC.PIJT REAL( 6,67,
LOG-RECORD.M!SS-LE-DATA.REAL-VALUE(IO), 1); -- Tgt Range Rate

SYSTEM SPEC! FIC.PUT REALC18,67,
LOG RECORD.LAUNCHER DATA.REAL-VALUE6), 1); Tgt Attitude

SYSTEM SPEC! FIC.PUT -REAL( 19,67, LOG RECORD. LAUNCHER DATA.
REAL VALUE(12), 1); -- Tgt heading ang

end LOG DATA;,

-User Interface Package Specification

-This package contains alt the procedures that perform input/output between

-the program and the user via the screen and keyboard.

with MATH; use MATH;

package USER-INTERFACE is

procedure MAIN;

procedure SHOU-T ITLE SCREEN;

procedure DRAWURUNT !ME-BORDER;

procedlure SETUP RUNT IME SCREEN;

task KEYBOARD HANDLER is
entry KEY AVAILABLECKEYINRBUFFER :out bootean);

entry GET KEY UA!T(KEY :out character);

entry GET KEY NOVAIT(KEY :out character; KEY-VALID out boolean);
end KEYBOARD HANDLER;

end USER-INTERFACE;

*User Interface Package Body

-This package contains sit the procedures that perform input/output between
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*the program and the user via the screen and keyboard.

with MATH; use MATH;
with MODEL TYPES; use MODEL-TYPES;
with SYSTEM SPECIFIC;
with APPLICATION;
with MISSILE;
with PLOT;
with Textj10;
with REAL 10;

package body USERINTERFACE is
MESSAGE DISPLAYED :booLean :=false; - Message on at screen bottomn
MENU START ROW :constant :=6;
DATA COLUMN constant :=42;
ITEM TEXT SIZE :constant 30;
MENU TEXT SIZE :constant 30;
STRING SIZE :constant :=60;

type STRING-ARRAY is array(positive range -) of string(l. .STRING SIZE);

TEMP STRING :string(1..ITEM TEXT SIZE);

QUIT STRING :string~l..MENU TEXT SIZE) :="Quit program
RETURN STRING string(l. .MEN 7EXT S1ZE):="Return to previous menu
BLANK STRING string(l..STRIN-GSIZE)

type MENU ITEM KIND is (SUBMENU, DATA ITEM, ACTION);
type DATA7ITEM-KIND is (NONE, TEXT, FrOATING-PT, YES-NO, INT GUIDANCE,

TGTJR SIZE, MANEUVER, MANEUVER-START, AIRCRAFT-KIND, LAUNCHER,
SSJ TECM, SOJ -ECM);

type ACTION-TYPE is (LOAD-DATA, SAVE-DATA, START -RUN, GRPI GRAPH1,
GRPIGRAPH2, GRP1_GRAPH3, GRPI GRAPH4, GRPI GRAPHS, GRP1GRAPH6,
GRP1-GRAPH7, GRP2-GRAPH1, GRP2-GRAPH2, GRPCGRAPH3, GRP2-GRAPH4,
GRP2-GRAPH5, GRP3-GRAPH1, GRP3-GRAPH2, GRP3-GRAPH3, GRP4-GRAPH1,
GRP4-GRAPH2. GRP4-GRAPH3, GRP4-GRAPH4, GRP4-GRAPH5, GRP4-GRAPH6,
GRP4-GRAPH7);

type M4ENU TYPE;
type MENU POINTER is access MENU-TYPE;

type MENU ITEM TYPEC ITEM KIND :MENU ITEM KIND;
DATA TYPE :DATA ITEM KIND);

type MENU -ITEM POINTER is-access MENUJITEM.TYPE;

type M4ENU -TYPE is
record

TITLE :string(1..STRING SIZE);
FIRST-ITEM :MENU-ITEMPOINTER;
ROWS-BETWEEN ITEMS :positive; -- 1 = no gap, 2 =1 blank Line, etc.

end record;

type MENU ITEM TYPEC ITEM KIND :MENU ITEM KIND; DATA-TYPE
DATA.)TEM KIND) is

record
TITLE :string(l. MENU TEXT SIZE);
NEXT-ITEM :MENU ITEM POINTER;

case ITEM KIND is
when SUJBNENU

NEXT MENU M4ENU POINTER;
when DATA ITEM =>

PROMPT :string(l..MENU TEXTSIZE);
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case DATA-TYPE is
when NONE =>

nulL;
when TEXT

TEXT-VALUE :string(1 .MENU TEXT SIZE);
when FLOATING PT =>

REAL VALUEi REAL;
MAX -VALUE REAL;
MIN VALUE REAL;

when YES NO =>
YES NO VALUE :YES NO -TYPE;

when INT GUIDANCE =>
I NT GUIDANCE VALUE I NT GUIDANCE TYPE;

when TGT JR SIZE =>
TGTITRS iZE VALUE TGT JR S IZETYPE;

when MANEUVER Z
MANEUVER VALUE :MANEUVER TYPE;

when MANEUVER START =>
MANEUVER START VALUE MANEUVER START TYPE;

when AIRCRAFT KIND-=>
AIRCRAFT KIND VALUE AIRCRAFTTYPE;

when LAUNCHER =>
LAUNCHER-VALUE LAUNCHER-TYPE;

when SSJ ECM =>
SSJ ECH VALUE SSJ ECM TYPE;

when S0OJ ECg =>
SOJ E CH VALUE SOJ ECM TYPE;

end case;
when ACTION =>

ACTION-KIND :ACTION-TYPE;
end case;

end record;

MAINMENU, FILE MENU, LAUNCHER-MENU, TGT MENU, GRAPH-MENU :MENU-POINTER;
GRAPH GRPI MENU, GRAPH GRP2-MENU, GRAPH GRP3-MENU, GRAPH GRP4 MENU,
TGTIMENU * TGT2 MENU* Soil-MENU, SOJ2 MENU :MENU-POINTER;

type MENU ITEM ARRAY is array (positive range c>) of MENUI-ITEM POINTER;

MAIN MENU ITEMS M ENU ITEM ARRAY(..5);
FILE MENU ITEMS :MENU ITEM ARRAY(I. .7);
LAUNCHER MENU ITEMS :MENU-ITEM ARRAY(..6);
TGT MENU -ITEMS MENU ITEM ARRAY(..7);
TGTI MENU ITEMS M4ENU ITEM ARRAY(1. .15);
TGT2 MENU ITEMS MENU ITEM ARRAYI..7);
SOJI MENU ITEMS MENU ITEM ARRAY(..13);
SOJ27MENU I TENS MIENU ITEM ARRAY(1. .13);
GRAPH -MENU -ITEMS MENU -ITEM ARRAYC..4);
GRAPH GRP1 MENU ITEMS :MENU ITEM ARRAY~l. .8);
GRAPH-GRPrMENU ITEMS M ENU ITEM ARRAY(1. .5);
GRAPH GRP3 MENUITEMS M ENU ITEM ARRAY(1..3);
GRAPH GRP47MENU ITEM4S M ENU ITEM ARRAY(1. .7);

procedure SHOW TITLE SCREEN is separate;

procedure GET TEXTCPROMPTSTRING :in string; TEXT-STRING :in out string)is
TEM4P STRING :string(TEXT STRING'range);
INPUT- VALID :bootean :z faLse;

begin
for I in TEMP STRING'range Loop

TEMP -STRINGMI :z
end Loop;
SYSTEM SPECIF IC.PUT STRING(22, 10, PROMPT STRING);
SYSTEM SPECI FIC.PMVE..dSOR22,DATA-COLN);
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SYSTEM -SPECIFIC.TURN CURSOR Old;
SYSTEM:SPECI FIC. INPUT STRING(TEMP STRING);
SYSTEM -SPEC IF IC. TURN CURSOR OFF;
SYSTEM SPECIFIC.PUT STRING(2 10, BLANK-STRING);
for I in TEMP STRING'range loop

if TEM4P STRING(I) /= - then
INPUT -VALID :- true;

end if;
end loop;
if INPUT VALID then

TEXT-STRING := TEMP STRING;
end if;

end GET-TEXT;

procedure GET -REAL(PROMPT -STRING : in string; NUMBER :in out REAL) is
TEMP NUMBER :REAL;
EXPOiENT :REAL;
CURRENT :positive;
SIGN : integer;

begin
REALIO.Put(TEM4PSTRING, NUMBER,AFT=>1O.EXP=>O);
GET TEXT(PROMPTSTRING, TEMP-STRING);

TEMP NUMBER := 0.0;
CURRENT := TEMP STRING'first;
SIGN :=1;

for I in TEMP STRING'range Loop -- Skip tabs and spaces
if TEMP STRING(I) /z and TEMP STRING(I / Ascii.NT then

exit;
end if;
CURRENT := CURRENT + 1;

end Loop;

if TEMP STRING(CURRENT) z 1+1 then
CURRENT := CURRENT + 1;

end if;

if TEMP STRING(CURRENT) = 1- then
SIGN :2 -1;
CURRENT :a CURRENT + 1;

end if;

white TEMP STRING(CURRENT) - '0' and TEMP STRING(CURRENT) = 9' loop
TEM4P NUMBER :2TEMP NUM4BER * 10.0;
TEMP NUMBER :~TEMP NUMBER + REAL(

character-pos(TEMP STRING(CURRENT)) - characterlpos('0'));
CURRENT := CURRENT + 1;

end Loop;

if TEM4P STRING(CURRENT) = .then

CURRENT :a CURRENT + 1;
EXPONENT :z 0.1;

white TEMP STRING(CURRENT) -2 '0' and TEMP STRING(CURRENT) <= '9'
loop

TEMP NUMBER :a TEMP NUMBER + REAL(
character-pos(TiWPS7RING(CURRENT))-
character'posC'0')) * EXPONENT;

EXPONENT :z EXPONENT / 10.0;
CURRENT :z CURRENT + 1;

end loop;
end if;

NUMBER :z TEMP-NUMBER * REAL(SIGN);

exception

when others a>
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return;
edGET-REAL;

fun~ction SAVE DATA FILE
return boolean7 is

DATA-FILE :Text io.Fite type;

procedure OUTPUT MENU(MENU :in MENU POINTER) is
ITEM4 MENU ITEM POINTER :=MENU.FIRST ITEM;

begin
while ITEM /= null loop

if ITEM.ITEM KIND = DATA ITEM then
case ITEM.DATA TYPE Is

when NONE 7-
null;

when TEXT =>
Text io.Put I ine(DATA FILE, ITEM.TEXT VALUE);

when FLOATING PT =>
REAL -IO.Put(DATA -FILE, ITEM.REAL VALUE);
Text io. New - ine(DATA FILE);

when YES NO =>
Text io.Put-line(DATA -FILE, YES -No TYPE'Iinage(

ITEM .YES -NO -VALUE ));
when INT GUIDANCE =>

Text io.Put-Line(DATAFILE, INT GUIDANCE TYPE' imageC
ITEM.1 NT -GUIDANCE-VALUE));

when TGT IR SIZE =>
Text io7Put-Line(DATAFILE, TGTIR SIZE TYPE' image(

ITEM. TGT IR SIZE VALUE) );
when 1MANEUVER ='-

Text io.Putjine(DATA FILE, MANEUVERTYPE'i mageC
ITEM-MANEUJVER -VALUE));

when M4ANEUVER START =>
Text io.PutLine(DATA FILE,

MANEUVER -START TYPE'imageC
ITEM .MANEUVER START VALUE));

when AIRCRAFT KIND =>
Text io.Put I ine(DATA FILE,

AIRCRAFTJTYPE' image(
I TEM.AIRCRAFT KIND VALUE));

when LAUNCHER ->
Text lo.Putt IneCDATA FILE,

LAUNCHER TYPE' imegeC
ITEM.LAUNCNER VALUE));

when SSJ EC4 z>
Text io.Put-Line(DATA FILE,

SSJ ECN-TYPE'tmmge(ITEM. 551 ECM -VALUE));
when 501 ECM =),

Text io.Put-Line(DATA FILE,
501 ECH TYPE'immge( ITEM.SOJ ECM VALUE));

end case;
elsif ITEM.ITEM KIND z SUBMENU then

OIJTPUT-MENU( ITEM. NEXT-MENU);
end if;

ITEM := ITEM.NEXTITEM;
end loop;

end OUTPUT-MENU;

begin
Text io.CreateDATA FILE, Text io.tjtfi Le,

FILE MENU I TEMS(1). TEXT VALUE);
Text 10 .Put ti'ne(DATA FILE, MISSILE.ID STRING);

OUTPUT -MENU(MAIN TMENU);
Text io.Ctose(DATAFILE);
return true;
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except ion
when others z>

SYSTEM -SPECIFIC.PUT -STRING(22, 10, "ERROR during file save");
MESSAGE -DISPLAYED :=true;
if Text -io.Is open(DATA FILE) then

Text -io.C tose(DATA FILE);
end if ;
return false;

end SAVE DATA FILE;

function LOAD DATA FILE
return bootean is

DATA-FILE :Text io.FiLe-t,.,.
1D MISM4ATCH :exception;

procedure INPUT MENU(MENU :in MENU-POINTER) is
ITEM :MENU -ITEM POINTER :=MENU.FIRST ITEM;
TEMP -LINE :string(1. .MENU TEXT SIZE);-
LAST :natural;

begin
white ITEM /= null loop

if ITEM.ITEM KIND = DATA-ITEM then
case ITEM.DATA TYPE is

when NONE
null;

when TEXT wo
Text -io. Get Line(DATA FILE,* ITEM.TEXTVALUE, LAST);
Text io. Skip LineCDATA FILE);

when FLOATING PT =>
REAL -IO.Get(DATAFILE, ITEM.REAL VALUE);
Text io. Skip L ine(DATA FILE);

when YES NO =>
Text -io. Get Line(DATA -FILE, TEMPJLINE, LAST);
ITEM .ES NO VALUE :=
YES NO TPEvatue(TEMP-LINE( . .LAST));

when 14NT GUIDANCE =>
Text -io. Get Line(DATA FILE, TEMP LINE, LAST);
ITEM. INT GUIDANCE VALUE :
INT GUIDANCE TYPE'-value(TEMP-LINE~l. .LAST));

when TGT IR SIZE---,
Text io.Get-Line(DATA FILE, TEMP LINE, LAST);
ITEM.TGT JR SIZE VALUE:
TGT IR IZETYPE-vatue(TEMPLINE( . .LAST));

when MANEUVER z;
Text io.GetLine(DATA FILE, TEMP LINE, LAST);
I TEM.MANEUVER VALUE:=
M4ANEUVER TYPE'vatue(TEMP LINE(1. .LAST));

when M4ANEUVER START =>
Text -io.det-Line(DATA FILE, TEMP LINE, LAST);
ITEM.MANEUVER START VALUE :
MANEUVER START TYPE'value(TEMPLINEI . .LAST));

when AIRCRAFT KIND-=>
Text -io.Get -lineCDATA -FILE, TEMP LINE, LAST);
ITEM.AIRCRAFT KIND VALUE :
AIRCRAFT TYPE'vaLue(TEMP LINEi. .LAST));

when LAUNCHER =)-
Text fc. Get Line(DATA FILE, TEMP LINE, LAST);
ITEM.LAUNCHER VALUE :;
LAUNCHER TYPE';vatue(TEMPLINE(1. .LAST));

when SSJ ECM =>
Text io.Get I ine(DATAFILE, TEMP LINE, LAST);
ITEM.SSJ ECH VALUE :
SSJ ECHTYPE'vatue(TEMP-LNE( . .LAST));

when S61 ECM ->
Text io. Gt ire(DATAFILE, TEMP LINE, LAST);
ITEM.SOJ ECM VALUE :z
SOJ-ECHTYPE'value(TE4P-LINE(1..LAST));
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end case;
elsif ITEM.ITEM KIND = SUBMENU then

INPUT MENUC ITEM.NEXT.MENU);
end if;

ITEM := ITEM.NEXT ITEM;
end loop;

end INPUT-MENU;

begin
Text i o.Open(DATA FILE, Text lo~ln -file, FILE -MENU -ITEMS(1).TEXT VALUE);

Text io.Get(DATA FILE, TEMP STRING);
Textio.SkipLine(DATA.FILE);

for I in MISSILE.ID STRING'range loop
if MISSILE.IDSTRING(I) /= TEMP STRING(I) then

raise ID MISMATCH;
end if;

end Loop;

INPUT MENU(MAIN MENU);

Text io.Ctose(DATA FILE);

return true;

exception
when others =>

SYSTEM SPECIFIC.PUT STRING(22, 10, "fERROR during file toad");
MESSAGE -DISPLAYED :; true;
if Text -io.Is Topen(DATA-FILE) then

Text io.C lose(DATA FILE);
end if;
return false;

end LOAD DATA FILE;

procedure START-RUN is
SETUP-VALUES : SETUP VALUES TYPE;
TEMP REAL :REAL; -- Needed for Meridian V4.0 bug

begin
-- File operations parameters

SETUP VALUES.OUTPUT FILE := FILE MENU I TEMS(4) .TEXT VALUE;
SETUP VALUES.LOGDATA := FILE MENU ITEMS(S) .YES NO VALUE;
SETUP VALUES.FRANE TINE := F ILE MENU ITEMS(6).IREAL7VALUE;
SETUP VAI.UES.LOG INTERVAL :% INTEGER(FILE MENU ITEMS(7) .REAL VALUE);

-- Launch aircraft parameters:
SETUP VALUES. INTJTYPE IC:zLAUNCHER MENU ITEMS( 1) .AIRCRAFT KIND VALUE;
SETUP VALUES.LAUNCH TYPE := LAUNCHER MENU ITEMS(2) .LAUNCHER VALUE;
TEMP REAL := LAUNCHERMENU ITEMSC3)S.EAL VALUE;
SETUP VALUES.INT ALTITUDE IC := TEMP-REAL;
SETUP VALUES. INT M4ACH_ C := LAUNCMER MENU ITEMS(4) .REAL VALUE;
SETUP VALUES. INT LEAD ANGLE IC :z LAUNCHER MENU ITEMS(5) .REAL VALUE;
SETUP-VALUES. I NTGUI DANCE := LAUNCHER MENU- I TEMS (6). -1NT GU IDANCE-VALUE;

-- Target parameters:

SETUP VALUES.TGT TWO IC:TGT MENU -ITEMS(2) .YES -No VALUE;
SETUP VALUES..SOJ ONEIC:u7GT MENU ITEMSQ.) .YES NO VALUE;
SETUP VALU)ES.SOJTWO -IC:uTGT MENU -ITEMSC6) .YESNO VALUE;
TEMP REAL := TGT1_MENUITEMS0i).REAL VAUE
SETUP VALUES.TGT-ALTITUDEIC(1) :a 1000.O*TEMP REAL;
TEMP REAL := TGT2_MENU ITEMS(1 ).REAL VALUE;
SETUIP VALUES.TGT ALTITUiDEIC(2) :a 1000.OTEMPREAL;
TEMP REAL := SOJi MENU ITEMS(i ).REAL VALUE;
SETUP VALUES.TG7 ALTITUDE_1CC3) :a 10O0.ODTEMP -REAL;
TEMP REAL :a SOJZ M4ENU ITENS~i ).REAL VALUE;
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SETUP-VALUES.TGT -ALTITUDEIC(4) :=1000.O*TEMP REAL;
SETUP VALUES.SOJ ANGLE-ICd ) :=4J1 MENU ITEMSC3) .REAL VALUE;
SETUP VALUES.SOJ -ANGLE_[C(2) :=SOJ2 MENU I TEMS(3) .REAL VALUE;
SETUP VALUES.TGT MACN IC :=TGT1_MENULITEMS(2) .REAL VALUE;
SETUP VALUES.TGT ASPECT IC :=TGTI MENU ITEMS(3) .REAL VALUE;
SETUP VALUES.TGT RANGE- ll) :=FEET PER NMI*
TGT 1 MENUI TEMS(4) .REAL VALUE;
SETUP VALUES.TGTRANGE-IC(2) :~TGT2 MENU ITEMS(2).REAL VALUE;
SETUP VALUES.TGT RANGE-IC(3) FEET PER NMI*
SOJ1 MENU ITEMS(2) .REAL VALUE;
SETUP _VALUES.TGT RANGEIC(4) :=FEET PER NMI*
SOJ2 MENU I TEffSC2).REALVALUE;
SETUP VALUES.TGT2 ANGLE IC:=TGTZ MENU ITEMS(3) .REAL VALUE;
TEMP REAL:=TGT 1 MENU I TEMS( 11).REAL VALUE;
SETUP VALUES.TGT BUI LDUP TIME IC :=TEMP REAL;
SETUP-VALUES.TGT -RCSIC(1) :~10.76*TGTI MENU ITEMS(5).REAL VALUE;
SETUP VALUES.TGTRCSICC?) 10.76*TGT2 MENU ITEMS(4).REAL VALUE;
SETUP VALUES.TGT -ECM TECHICC1):=TGT1 M 1ENU -ITEMS(14) .SSJ ECN VALUE;
SETUP VALUES.TGT ECM TECH-IC(2):=TGT2 MENU ITEMS(6) .SSJ ECN VALUE;
SETUP -VALUES.SOJ -ECM TECH- l~l) :=OJI MENU ITEMS(4) .SOJ ECM VALUE;
SETUP VALUES .SOJ ECN TECH IC(2):=S0J2 MENU I TEMS(4) .SOJ ECH VALUE;
SETUP VALUES.TGT -ECM POWERIC~i ):=TGTI MENU ITEMS(15).REAL VALUE;
SETUP VALUES.TGT ECM POWER IC(2):=TGT2 -MENU ITEMS(7) .REAL VALUE;
SETUP VALUES. TGT -ECM POWER-IC(3): =SOJ1 MENU ITEMS(5) .REAL VALUE;
SETUP VALUES.TGT ECH POWERIC(4) ::50J2 MENU ITEMS(5) .REAL-VALUE;
SETUP VALUES.TGT1 JRSIZE :TGTI MENU ITEMS(6).TGTIR SIZE VALUE;
SETUP VALUES.TGT2 IR SIZE :TGT2 MENU ITEMS(S) .TGTIR-SIZE-VALUE;
SETUP-VALUES.MANEUVER-KIND :~TGT1 MENU ITEMS(7) .MANEUVER VALUE;
SETUP VALUES.TGT TURN-GIC :TGTIJ4ENU ITEMS(S).REAL VALUE;
SETUP VALUES. TURN.ON PARAMETER :
TGTI MENU I TEMS(9).M4ANEUVER START VALUE;
SETUP VALUES.TGT TURNON VALUE IC := TGT1 MENUITEMS( 0) .REAL -VALUE;
SETUP VALUES.TGT TURN ANG IC :TGT1 MENU ITEMS( 12) .REAL VALUE;
SETUP VALUES.TGT WEAVE PER IC :TGTI MENU ITEM4S( 13) .REAL VALUE;
APPL [CATION.StIULATION MAI(SETUP VALUES);-

end START RUN;

function DISPLAY -MENU(MENU : MENU-POINTER; ITEM NUN : integer)
return integer is

ITEM :MENU-ITEM -POINTER;
ROW :integer;
NUM-ITEMS : integer;

begin
SYSTEM SPEC F IC.CLEAR SCREEN;
SYSTEM SPEC IFIC .DRAW DCX;

SYSTEM SPECIFIC.PUT STRING( 2, 10, MENU.TITLE);

if MENU = MAIN MENU then
SYSTEM -SPECIFIC.PUT STRING(22, 5, "Use the up and down &

"arrow keys to move the cursor and then press ENTER");
end if;

ITEM :a MENU.FIRSTITEM;
ROW :z MENU-START -ROW;
NUN ITEMS :z 0;
whi~e ITEM /- nutt loop

if NUM ITEMS a ITEM NUM then
SYSTEM -SPECI FICREVERSE VIDEO ON;

end if;

SYSTEM-SPECIFIC.PUT STRINGC ROW, 10, ITEM.TITLE);

if NUM ITEMS a ITEM NUN then
SYSTEM -SPEC FICREVERSE VIDEO OFF;

end if;
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if ITEM.ITEN KIND z DATA ITEM then
case ITEM.DATA TYPE is

when NONE =
nutt;

when TEXT =>

SYSTEM SPECIFIC.PT STRING( ROW, DATA-COLUMN,
ITEM.TEXT VALUE);

when FLOATING PT ';
SYSTEM SPEC! FIC.PUT REAL( ROW, DATA COLUMN,

ITEM.REAL -VALUE);
when YES NO =>

SYSTEM SPEC! FIC.PUT STRING( ROW, DATA COLUMN,
YES NO TYPE' image( ITEM.YES NO VALUE));

when INT GUIDANCE =>
SYSTEM SPEC! FIC.PUT STRING( ROW, DATA COLUMN,

INT OWIDANCE -TYPE' imagec ITEM. INT GUJIDANCE VALUE));
when TGT IR SIZE =>

SYSTEM SPEC! FIC.PUT STRING( ROW, DATA COLUMN,
TdT IR SIZE TYPE' imge(ITEM.TGT JR SIZE VALUE));

when MANEUVER ;>
SYSTEM SPEC! FIC.PUT-STRING( ROW, DATA COLUMN,

MANEUVER TYPE' image( ITEM.NANEUVER VALUE));
when MANEUVER START =>

SYSTEM SPEC! FIC.PUT STRING( ROW, DATA COLUMN,
MANEUVER START TYPE' imageC

ITEM.MANEUVERSTART-VALUE));
when AIRCRAFT KIND =>

SYSTEM SPEC! FIC.PUT.STRING( ROW, DATA COLUMN,
AICRAFT TYPE' image(

I TEM.AIRCRAFT KIND VALUE));
when LAUNCHER =>

SYSTEM -SPEC! FIC.PUT-STRING( ROW, DATA-COLUMN,
LAUNCHER TYPE' image(

ITEM. LAUNCHER VALUE));
when SSJ ECM =-

SYSTEM SPECI FIC.PUT STRING( ROW, DATA-COLUMN,
SS5 ECH TYPE' imageC ITEM.SSJ ECH -VALUE));

when 50.1 ECH -_
SYSTEM SPECI FIC.PUT STRING( ROW, DATA COLUMN,

50.1 ECH TYPE' imageC ITEM.SOJ ECH -VALUE));
end case;

end if;

ROW ROW + MENU.ROWS BETWEENITEMS;
ITEM ITEM.NEXT-ITEM;.
MUM ITEMS :=MUM ITEMS + 1;

end toop;

if M4ENU = 1MAIN M4ENU then
SYSTEM-SPECIFIC.PUT-STRING( ROW, 10, QUIT STRING);

etse
SYSTEM SPECIFIC.PUT STRINGC ROW, 10, RETURNSTRING);

end if;

return NUM-ITEMS;
end DISPLAY-MENU;

procedure MANAGE -MENU(MENU :MENU-.POINTER) is
ITEM MENLUITEM POINTER;
ROW integer;
ITEM-NUM integer :a 0;
NUM-ITEMS : integer;
COMMAND :SYSTEM SPECIFIC.MENU COMANO;
STATUS OK :bootean;

begin
NUlMJ TENS :uDISPLAY MENUCMENU, ITEM NUN);

ROW :z MENU START ROW;
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ITEM := MENU.FIRSTITEM;
Loop

COMMAND :=SYSTEM SPEC! FIC.GET MENU COMAND;

if W4SSAGE DISPLAYED then
SYSTEM -SPECIFIC.PUT STRING(22, 10, BLANK-STRING);
M4ESSAGE-DISPLAYED :::false;

end if;

case COMMAND is
when SYSTEM SPECIFIC.UP ARROW =>

if ITEM-NUN =NUM ITEMS then
if MENU = MAIN M4ENU then

SYSTEM SPECIFIC.PUT STRING( ROW, 10. * IT-STRING);
else

SYSTEM SPECIFIC.PUT STRING( ROW, 10, RETURN-STRING);
end if ;
ROW :=ROW - MENU.ROWS BETWEENITEMS;
ITEM NUN : ITE4M - 1;
ITEM :=MENU.FIRSTITEM;
for I in O..ITEM -dUN-1 loop

ITEM4: ITEM.NEXT ITEM;
end loop;
SYSTEM SPECI FIC.REVERSE VIDEO ONd;
SYSTEM SPECIFIC.PJT STRING( ROW, 10, ITEM.TITLE);
SYSTEM SPEC! FIC.REVERSE VIDEO-OFF;

elsif ITEM MUM = 0 then
SYSTEM SPECIFIC.PUT STRING( ROW, 10, ITEM.TITLE);
ROW :z MENU START-ROW + NUN -ITEMS
MENU.ROWSBETWEENITEMS;
ITEM -NUN := NUM-ITEMS;
SYSTEM SPECI FIC.REVERSE VIDEO Old;
if MENU = M4AIM MENU then

SYSTEM SPECIFIC.PJT STRING( ROW, 10, QIT-STRING);
else

SYSTEM SPECIFIC.PUT STRING( ROW, 10, RETURN-STRING);
end if;
SYSTEM SPEC! FIC.REVERSE VIDEO OFF;

else
SYSTEM SPECIFIC.PUT STRING( ROW, 10, ITEM.TITLE);
ROW := ROW - MENU.ROWS BETWEENITEMS;
ITEM NUN := ITEM-NM - 1;
ITEM := MENU.FIRSTITEM;
for I in 0.. ITEM NUN-i loop

ITEM := ITEM.NEXTITEM;
end I(oop;
SYSTEM SPEC! FIC.REVERSE VIDEO ON;
SYSTEM-SPECIFIC.PUT STRING( ROW, 10, ITEM.TITLE);
SYSTEM SPEC! FIC.REVERSE VIDEO OFF;

end if;

when SYSTEM SPECIFIC.DOWN ARROW s

if ITEM NUN NuM ITEM4S-i then
SYSTEM SPECIFIC.PUT STRING( ROW, 10, ITEM.TITLE);
ROW := ROW + MENU.ROWS -BETWEENITEMS;
ITEM NUN :a ITENUN + 1;
ITEM :- ITEN.NEXT ITEM;
SYSTEM SPEC! FIC.REVERSE VIDEO ON;
SYSTEM SPECIFIC.PUT STRING( ROW, 10, ITEM.TITLE);
SYSTEM SPECI FIC.REVERSE VIDEO -OFF;

eLsif ITEM NUN =NUN -ITEMS-1 then
SYSTEM-SPECIFIC.PUT-STRING( ROW, 10, ITEM.TITLE);
ROW :a ROW + M4ENU.ROWS BETWEENITEMS;
ITEM NUM :* ITEM-NUN + 1;
SYSTEM SPECI FIC.REVERSE VIDEO ON;
if MENU a M4AIN M4ENU then

SYSTEMSPEIFIC.PUT-STRING( ROW, 10, QUIT STRING);
else

SYSTEMSPECIFIC.PUT-STRING( ROW, 10, RETURN-STRING);

ill



end if;
SYSTEM SPECIFIC.REVERSE VIDEO-OFF;

else -- ITEM NUN = NUN ITEMS
if MENU :-: MAIN MENU then

SYSTEM SPECIFIC.PUT STRING( ROW, 10, OUITSTRING);
else

SYSTEM SPECIFIC.PUT STRING( ROW, 10, RETURN-STRING);
end if;
ROW MENU START ROW;
ITEM MENU.FIRST ITEM;
ITEM NUN : 0;

SYSTEM SPECI FIC.RE VERSE VIDEO.ON;
SYSTEM SPECIFIC.PUT STRING( ROW, 10, ITEM.TITLE);
SYSTEM SPECIFIC.REVERSE VIDEO OFF;

end if;
when SYSTEM SPECIFIC.ENTER KEY =>

if ITEM NUN - NUN ITENS then
if MENU - MAIN M4ENU then

SYSTEM SPECI FIC.QUIT PROGRAM;
else

return;
end if;

else
case ITEM.ITEM KIND is

when SUBMENU=
M4ANAGE MENUC ITEM.NEXT MENU);
NUMN ITEMS := DISPLAY MENU(MENU, ITEM NUN);

when DATA ITEM =>
case ITEM.DATA TYPE is

when NONE ;>
nutLI;

when TEXT =>
GET TEXT( ITEM.PROMPT, I TEN. TEXT VALUE);
SYSTEM SPECIFIC.PUT STRING(ROW,_

DATA COLUMN, ITEM. TEXT VALUE);
when FLOATING PT %>

GET REAL(TTEM.PROMPT, ITEM. REAL VALUE);
SYSTEM SPEC! FIC.PUT REAL( ROW,

DATA "COLUMN, ITEM. REAL VALUE);
when YES NO 2)

if ITEM.YES NO-VALUE /z YES NO-TYPE'Last
then

I TEM. YES NO VALUE -

YES-NO TYPE'succ(
ITEM.YES NO VALUE);

el se
ITEM .YES NO VALUE =
YES -No TYPE 'f irst;

end if;
SYSTEM TSPEC! FIC.PUT STRING( ROW,

DATA COLUMN, BLANK STR ING(
1. .YES NO TYPE-width));

SYSTEM SPECIFIC.PUT STRING( ROW,
DATA COLUmN, YES NO TYPE-image(

TTEM.YESNOVALU1E));
when INT GUIDANCE 2)

if ITEM.INT GUIDANCE VALUE /

INT GUIDANCE -TYPE-Last then
ITEM. INTGUIDANCE -VALUE
INT GUIDANCE -TYPE' succC

ITEM4.INT GUIDANCE VALUE);
else

ITEM. INT GUIDANCE VALUE
INT -GUIDACE TYPE' first;

end if;
SYSTEM SPECI FIC.PUTSTRING( ROW,

DATA COLUMN, BLANK STRI NG(
1.. INT GUIDANCE TYPE'width));
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SYSTEM TSPEC! FIC.PUT -STRING( ROW,
DATA COLUMN,
INTG5UIDANCE -TYPE' inageC

ITEM. INT GUIDANCE VALUE));
when TGT JR SIZE =

if ITEM.TGT IR SIZE VALUE 1
TGT JR SIZE TYPE' ast then

ITEM.TGT IR SIZE VALUE
TGT JR SIlZE TYPE' succ(

ITEM. TGTIR-S!ZE-VALUE);
else

ITEM.TGT IR SIZE VALUE :

TGT J R -SIZE TYPE'-first;
end if;
SYSTEM SPEC! FIC.PUT STRING( ROW,

DATA COLUMN, BLANK STR ING(
1. .TGT IR SIZETYPE'width));

SYSTEM TSPEC! FIC.PUT -STiNG( ROW,
DATA COL.UMN,
TGT JR SIZETYPE' image(

ITEM.TGT JR S [ZE VALUE ));
when M4ANEUVER =)-

if ITEM.MANEUVER VALUE /

MANEUVER TYPE' Last then
ITEM .MANEUVER VALUE
MANEUVER TYPE 'succ(

I TEN .1ANEU VER VALUE);
else

ITEM.MANEUVER VALUE
MANEUVER TYPE' first;

end if;
SYSTEM -SPEC IFIC.PUT STRING( ROW,

DATA COLUMN, BLANK STR ING(
1. .MANEUVER -TYPE 'width));

SYSTEM SPEC! FIC.PUT STRING( ROW,
DATA COLUMN, MNEUVER TYPE' imageC

ITEM.MANEUVER -VALUE));
when MANEUVER START -~

if ITEM.MiNEUVER START VALUE/
MANEUVER START TYPE' Last then

I TEN.MANEUVER START VALUE :
MANEUVER START TYPE' succ(

ITEM .MANEUVER START. VALUE)
else

I TERt.1MANEUVER START VALUE
MANEUVER START TYPE' first;

end ff;
SYSTEM TSPECI FIC.PUT STRING( ROW,

DATA COLUMN, BLANK STR ING(
1. .MANEUVER START TYPE'width));

SYSTEM -SPEC IF! C.PUT STR ING( ROW,
DATA COLUN,
MANEUVER -START TYPE' imge(

I TEN .MANEUVER START VALUE));
when AIRCRAFT KIND -

if ITEM.AIRCRAFT KIND VALUE /z
AIRCRAFT TYPE' Last then

ITEM.A!RCRAFT KIND VALUE
AIRCRAFT TYPE 'succ(

ITEM.A!RCRAFTKI NO VALUE);
else

ITEM.AIRCRAFT KIND VALUE :

AIRCRAFT TYPE'f irst;
end if;
SYSTEM SPEC! FIC.PT STRING( ROW,

DATA COLUMN, BLANK STR ING(
1. .AIRCRAFT TYEwidth));

SYSTEM SPEC! F C.PUT STRING( ROW,
DATA-COLUMN,
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AI RCRA FT - YPE 'imageC
ITEM.AIRCRAFT KIND VALUE));

when LAUNCHER =>
if ITEM.LAUNCHER VALUE /a
LAUNCHER TYPE' Last then

ITEM.LAUNCHERY.ALUE
LAUNCHER TYPE' succ(

ITEM.LAUNCHER VALUE);
el se

I TEN. LAUNCHER..VALUE
LAUNCHER TYPE' first;

end if;
SYSTEM TSPECI FIC.PUT STRING( ROW,

DATA COLUMN, BLANK STR ING(
S. .LAUNCHER TYPE'width));

SYSTEM -SPEC! FIC.PUT STRING( ROW,
DATA COLUMN,
LAUNCHER TYPE' image C

ITEM.LAUNCHER VALUE));
when SSJ ECM =>

if ITEM.SSJ ECM VALUE/
SSJ ECM TYPE- Last then

ITEi.SSJECMVALUE
SSJ ECM TYPE' succ(

ITEM.SSJ ECM VALUE);
else

ITEM.SSJ EC14 VALUE
SSJ -ECM -TYPE' first;

end if;
SYSTEM SPEC! FIC.PUT STRING( ROW,

DATA COLUMN, BLANK STRING(
1. .SSJ ECM TYP'width));

SYSTEM SPECI FIC.PUT STRING( ROW,
DATA COLUMN,
SSJECM TYPE-imageC

ITEM. SSJ ECM VALUE ));
when SOJ ECM =>

if ITEM.SOJ ECM V.ALUE
SOJ ECM TYPE' last then

ITER.SOj EC1 VALUE
SOJ ECM TYPE' succC

ITEM. SOJ ECM VALUE);
else

ITEM.SOJ ECM VALUE
SOJ -EC14 TYPE'fti rst;

end if;
SYSTEM TSPECI FIC.PUT STRING( ROW,

DATA COLUMNN, BLANK STR ING(
1. .S01 ECH TYPE'width));

SYSTEM SPECI FIC.PUT STRING( ROW,
DATA COLUMN,
501 CU TYPE'inuage(

ITEM . SOJECU VALUE ));
end case;

when ACTION =>
case ITEM.ACTION KIND is

when LOAD DATA -
STATUS OK :- LOAD D.ATA FILE;
if STATUS OK then-

NIM ITEMS :- DISPLAY MENU(MENU,
ITEMNUM);

SYSTEM TSPECIFIC.PUT -STRINGC22, 10,
"Fite Loaded successfully");

M4ESSAGE-DISPLAYED :a true;
end if;

when SAVE DATA =
STATUS OK :~SAVE DATA FILE;
if STATUS OK then-

SYSTEM SPECIFIC.PUJTSTRING(22, 10,
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"File saved successfully,,);
M4ESSAGE-DISPLAYED := true;

end if;
when START RUN =>

START RUNm;
NUN ITEMS := DISPLAY NENU(MENU,

ITEM MUM);
when GRP1 GRAPHI =)- -- Eev. View of Traj

PLOT .DO GRAPH(21);
NUN ITEMS :2 DISPLAY MENU(MENU,

ITEM NUM);
when GRPI GRAPM2 =, - - Plan View of Traj

PLOT .DO GRAPH(22);
NUN ITEMS : DISPLAY MENU(MENU,

ITEM NUN);
when GRP1 GRAPH3 => -- Mst-Tgt Range Rate

PLOT.DO-GRAPH(7);
NUN ITEMS :=DISPLAY MENU(MENU,

ITEM Hill);
when GRP1 GRAPH4 => -- MsL-Tgt Range

PLOf.DO GRAPH(6);
NUN ITEMS : DISPLAY NENU(MENU,

ITEM NUM);
when GRP1 GRAPH5 => -- LOS Angie Rates

PLOT .DO GRAPH(1O);
NUN ITEMS :- DISPLAY MENU(MENU,

I TEN NUN);
when GRPI GRAPH6 => -- Tgt Heading Angle

PLOT .DO GRAPH(25);
NUN ITEMS :- DISPLAY NENU(MENU,

ITEM NUM);
when GRP1 GRAPH7 => - - Launch AIC-Tgt Range

PLOT .DO GRAPH( 1);
NUN ITEMS :x DISPLAY-MENU(MENU,

ITEM NUM);
when GRP2 GRAPHI => -- MsL. Mach

PLOT .D0 GRAPH(S);
NUN ITEMS : DISPLAY-MENU(HENU,

ITEM NUN);
when GRP2 GRAPH? => -- Mal. Velocity

PLOT .DO GRAPH(2);
NUN ITEMSF:z DISPLAY MENU(MENU,

I TEN NUN);
when GRP2 GRAPH3 => -- Msl. Alt. Rate

PLOT .00 GRAPH(11);
NUN ITEMS := DISPLAY MENU(MENU,

ITEM NUM);
when GRP2 GRAPH4 - - Msl. Pitch Angle

PLOT .DO GRAPH(4);
NUN ITEMS 2= DISPLAY.MENU(MENU,

ITEM NM);
when GRP2 GRAPH => -- Nsl. Yaw Angle

PLOT .DO GRAPH(3);
NUN ITEMS :2 DISPLAYNMENU(NENU,

I TEM NUN);
when GRP3 GRAPM1 => -- Mst. Thrust

PLOT . DO GRAPH0 6);
NUN -ITEMS :z DISPLAY MENU(MENU,

ITEM NUN);
when GRP3 GRAPH? z2, -- NsL. Fuel Mass

PLOT.DO GRAPN( 4);
NUN ITEMS: DISPLAY MENU(MENU,

ITEM NUN);
when GRP3 GRAPH3 2> -- NsL. Fuel Rate

PLOT .00 GRAPH0 7);
NUN ITEMS :z OISPLAY-MENU(MENU,

ITEM NUN);
when GRP4 GRAPHI 2> -- Msl. Acc. Cmds.

PLOT .Do CRAPH( 12);
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NUN ITEMS :=DISPLAY NENU(MENU,
ITEN.NUN);

when GRP4 GRAPH2 - - Hsi. Ach. Acc.
PLOT .DO GRAPH(13);

NUN ITEMS: DISPLAY NENU(NENU,
I TEN NUN);

when GRP4 GRAPH3 => -- NsL. Alpha
PLOT'.DO GRAPH( 18);

NUN ITEMS: DISPLAY NENU(MENU,
ITEM NUN);

when GRP4 GRAPH4 => -- Msi. Weight
PLOT .DO GRAPH(15);

NUN ITENS': DISPLAY MENUQ4ENU,
I TEN NUN);

when GRP4 GRAPHS => -- Hsi. Skr. Angles
PLOT.DO GRAPH(9);

NUN ITENS za DISPLAY NENU(MENU,
ITEM NUN);

when GRP4 GRAPI6 => -- NsL. RF SNR
PLOT .00 GRAPH( 19);

NUN ITEM :- DISPLAY-NENU(NENU,
ITEM NUN);

when GRP4 GRAPH? => -- MsL. Drag Coef.
PLOT .DO GRAPH(20);

NUN ITENS :- DISPLAY MENU(NENU,
ITEM-NUN);

end case;
end case;

end if;
when others =>

null;
end case;

end ( oop;
end MANAGE NENU;

procedure MAIN is
begin

MANAGE N ENU (MA IN NENU )
end MAIN;

procedure DRAW RUNTIME BORDER is
begin

SYSTEM SPECI FIC.DRAW BOX;

SYSTEN-SPECI FIC.REVERSE VIDEO ON;
SYSTEN-SPECIFIC.PUT-STRING( 0, 19, MISSILE.RUNTIME TITLE);
SYSTEM SPECIFIC.PUT STRING(24, 25,N Press space bar to pause rnm 1');
SYSTEM SPECIFIC.REVERSE VIDEO OFF;

end DRAW RUNT IME BORDER;

procedure SETUP RUNTINE SCREEN is separate;

procedure SETUP MENU -DATA is separate;

task body KEYBOARDHANDLER is separate;

begin
SETUP TMENU IDATA;

end USER-INTERFACE;

-User Interface Package Subunit

-This subunit contains all the data describing the user interface.
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separate (USERINTERFACE)

procedure SETUP MENU DATA is
begin

_.- Graph Grou~p 4 Main Menu

GRAPH GRP4 MENU ITEMSM := new MENU ITEM TYPE'(ITEN KIND => ACTION,
TITLE ;> "MsL Drag Coefficient I
DATA-TYPE => NONE, NEXT-ITEM => nuLL, ACTION-KIND => GRP4-GRAPH7);

GRAPH GRP4 MENU ITENS(6) :=new MENU-ITEM TYPE'(ITEM KIND => ACTION,
TITLE '; 'Msl RF S/N Ratio oi
DATA-TYPE => NONE, NEXTITEM => GRAPH-GRP4-MENUITEMS(7),
ACTION-KIND => GRP4-GRAPH6);

GRAPH GRP4 MENU ITEMS(5) :=new MENU ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;> IMst Seeker Gimbal AngLes - ",

DATA-TYPE => NONE, NEXT-ITEM => GRAPH GRP4 MENU ITEMS(6),
ACTION-KIND => GRP4 GRAPHS);

GRAPH GRP4 MENU ITENS(4) :=new MENU ITEM TYPEI(ITEM KIND => ACTION,
TITLE => 'MsL Ueightit
DATA-TYPE => NONE, NEXT-ITEM => GRAPH GRP4 MENU ITEMS(5),
ACTION-KIND => GRP4-GRAPH4);

GRAPH GRP4 MENU ITEMS(3) :=new MENU ITEM TYPEI(ITEM KIND => ACTION,
TITLE *-: "Mst Angle of Attack "5
DATA-TYPE x> NONE, NEXTITEM => GRAPH GRP4 MENU ITEMS(4),
ACT ION-KIND I; GRP4-GRAPH3);

GRAPH GRP4 MENU ITEMS(2) :znew MENU ITEM TYPE'(ITEM KIND =- ACTION,
TITLE ; --Mst Achieved AcceLeration - I,
DATA-TYPE =) NONE, NEXT-ITEM => GRAPH GRP4 MENU ITEMS(3),
ACTION-KIND => GRP4 GRAPH?);

GRAPH GRP4 MENU ITENSOi) :=new MENU ITEM TYPEI(ITEM KIND => ACTION,
TITLE => 'Msl Acceleration Com;a&d -
DATA-TYPE -> NONE, NEXT-ITEM I:> GRAPH GRP4 MENU ITEMS(2),
ACTION-KIND => GRP4-GRAPHI);

GRAPH GRP4 MENU :=new MENU TYPEI(TITLE =>
11H Mal Parameter Graph Menu
FIRST-ITEM => GRAPH GRP4 MENU ITEMS(l), ROWS BETWEEN ITEMS => 2);

-- Graph Group 3 Main Menu

GRAPH GRP3 MENU ITEMS(3) :z new MENU ITEM TYPE'(ITEM KIND => ACTION,
TITLE -=> "Mel- Fuel Flow Rate -"
DATA-TYPE a), NONE, NEXT-ITEM => nuLL, ACTION KIND => GRP3-GRAPH3);

GRAPH GRP3M1ENUJITEMS(2) := new MENU-ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;. -MNsl Fuel Weight - si
DATA-TYPE - NONE, NEXT-ITEM => GRAPH-GRP3 MENU ITEMS(3),
ACTION-KIND a> GRP3 GRAPH?);

GRAPH GRP3 MENU ITEMS(1) :z new MENU-ITEM TYPEICITEM KIND => ACTION,
TITLE '; "Malt Thrust II
DATA-TYPE z> NONE, NEXT-ITEM - GRAPH GRP3 MENU ITEMS(2),
ACTION-KIND GRP3-GRAPH1);

GRAPH GRP3-MENU :unew MENU TYPE'(TITLE =>
,I Mel Propulsion Graph Menu

FIRST-ITEM GRAPH GRP3 MENU-ITEMS(l), ROWS BETWEEN ITEMS - 2);
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-- Graph Group~ 2 Main Meou

GRAPH GRP2 4ENU ITEMS(5) :=new MENU-ITEM TYPE#(ITEM-KIND =) ACTION,
TITLE ;), "MaLt Yaw AngLe -1
DATA-TYPE => NONE, NEXTITEM => nuLL, ACTiON KIND => GRP2.GRAPH5);

GRAPH GRP2 MENU ITEMS(4:) new MENU ITEM TYPEO(ITEM KIND => ACTION,
TITLE :- "Mst Pitch AngleIs
DATA TYPE z> NONE, NEXT-ITEM => GRAPH GRP2-NMU ITEMS(5),
ACTION KIND - GRP2-GRAPH4);

GRAPH GRP2 MENU ITEMSM := new MENU-ITEM TYPEI(ITEM KIND => ACTION,
TITLE ;,, -MsL ALtitude Rate -1
DATA TYPE => NONE, NEXT ITEM => GRAPH GRPi MENU ITEMS(4),
ACTION KIND z, GRP2-GRAPH3);

GRAPH GRP2 MENU ITEMS(2) :=new M4ENU-ITEM TYPE'(ITEM-KIND => ACTION,
TITLE ;> "NiL Vetocity of
DATA TYPE => NONE, NEXTITEM =) GRAPH GRP2-MENUITEMS(3),
ACTION KIND -> GRP2-GRAPH2);

GRAPH GRP2 MENU ITENSOi) :=new MENU-ITEM TYPE'(ITEM KIND => ACTION,
TITLE => "Ms Mach Number -1
DATA TYPE => NONE, NEXT-ITEM => GRAPH GRPZ-MENU ITEMS(2),
ACTION KIND => GRP2-GRAPHl);

GRAPH GRP2-MENU :=new MENU TYPE '(TITLE =>
0 Mst Kinematics Graph Menuof

FIRST-ITEM => GRAPH GRP2 MENU-ITEMS(1), ROWS BETWEEN ITEMS => 2);

-- Graph Group I Main Menu

GRAPH GRPI MENU ITEMS(7) :z new MENU ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;> "-Lawnch A/C-Tgt Range - -"
DATA-TYPE => NONE, NEXT-ITEM => nulL, ACTION-KIND = , GRPI1GRAPH7);

GRAPH GRPI MENU ITEMS(6) :=new M4ENU-ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;> -Tgt Heading AngLe -1
DATA TYPE => NONE, NEXT ITEM =), GRAPH GRP1 MENU-ITEMS(7),
ACTION KIND => GRPl1GRAPH6);

GRAPH GRPI MENU ITEMS(5) :z new MENU ITEM TYPE'(ITEM-KIND => ACTION,
TITLE ;> -MsL-Tgt LOS Angle Rates $s
DATA TYPE => NONE, NEXT-ITEN => GRAPH GRP1 MENU ITEMS(6),
ACTION-KIND =, GRPI1GRAPH5);

GRAPH GRPI1 MENU ITEMS(4) :=new MENU-ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;> "MNsL(-Tgt Rang. #
DATA TYPE => NONE, NEXT ITEM =) GRAPH GRP1 MENU ITEMS(5),
ACTION KIND => GRPl1GRAPH4);

GRAPH GRPI MENU ITEMS(3) :znew MENU ITEM TYPE'CITEM KIND => ACTION,
TITLE ;, "MsL-Tgt Range Rate
DATA TYPE z> NONE, NEXT-ITEM => GRAPH GRPI MENUJITEMS(4),
ACTION KIND -, GRP1-GRAPN3);

GRAPH GRPI MENU ITEMS(2) :* new MENU ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;> "P-lan view of trajectory
DATA TYPE =3, NONE, NEXT-ITEM a), GRAPH ORPI MENU ITEMS(3),
ACTION-KIND -> GRPI GRAPN2);

GRAPH GRPI MENU ITEMS(1) :x new MENU ITEM TYPE'(ITEM KIND => ACTION,
TITLE ;2, "Elevation view of trajectory ",
DATA TYPE z> NONE, NEXT-ITEM => GRAPH GRPI MENUITEMS(2),
ACTION KIND -> GRP1-GRAPH1);

GRAPH-GRPl1MENU :a new MENU -TYPE'(TITLE =>
N MaL-Tgt Geometry Graph MenuIf
FIRST ITEM a), GRAPH GRPI1yENUITEMS(1), ROWS BETWEEN ITEMS - 2);
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--Graph Main Menuj

GRAPH MENW TEMSM :) new MENU I TEM TYPE'(ITEM KIND - SUBNENU, TITLE =>
iNst Parameter Graph Menu ",U

DATA-TYPE => NONE, NEXTITEM => nuLL, NEXT-MENU => GRAPH GRP4 MENU);

GRAPH MENU.ITEMSM := new MENU I TEM TYPE'(ITEM KIND => SUBMENU, TITLE =>
HRSI Propusion Graph Menu - H
DATA TYPE => NONE, NEXTITEM => GRAPH MENU ITEMS(4), NEXT-MENU =>
GRAPH GRP3-MENU);

GRAPH MENU ITEMS(2) :=new MENU I TEM TYPE'(ITEM KIND => SUBNENU, TITLE =>
"MsL Kinematics Graph Menu I'-.
DATA-TYPE => NONE, NEXT-ITEM4 => GRAPH MENU ITEMS(3), NEXT-MENU =>
GRAPH GRP2 M4ENU);

GRAPH NEWUITEMS(1) :=new MENU I TEN TYPEI(ITEM KIND => SUBNENU, TITLE =>
"MsL-Tgt Geometry Graph Menu ---

DATA-TYPE z> NONE, NEXT-ITEM => GRAPH M4ENU ITEMS(Z), NEXT-MENU =>
GRAPH GRP1 MENU);

GRAPH -MENU :=new MENU TYPE '(TITLE =>
H Graph Menus

FIRST-ITEM z> GRAPH MENU ITENSOi), ROWS BETWEEN ITEMS => 2);

- - SOJ 2 Parameter Menu

SOJ2 MENU ITEMSM5 := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE-=> 115QJ ERPD, EU/WMHz:H
PROMPT z> "Enter S0J ERPO (dSW/MHz): "1,

REAL-VALUE z) 30.0, MAX-VALUE z> 200.0, HM-VALUE => 0.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM => null);

50J2 MENU ITEMSM4 := new MENU ITEM TYPE'(ITEM-KIND => DATA-ITEM,
TITLE- -- SOJ ECH techniqje:
SOJ ECH VALUE => BARRAGE-NOISE,
PROMPT => 1I I

DATA-TYPE => SOJ ECM, NEXT-ITEM => 50J2 MENU ITEMS(5));

SOJ2 MENU ITEMS(3 :- new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE-=> "Look angle reL, To LAC, deg: "

PROMPT -> "Enter angle (deg)(+right): "

REAL-VALUE z> 0.0, MAX-VALUE => 90.0, MIN-VALUE => -90.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM -> 50J2 MENU ITEMS(4));

S0J2 MENU ITEMS(2) := new M4ENU ITEM YPE'(ITEM KIND => DATA-ITEM,
TITLE-=> "Range from Laun-ch A/C-, NMI: "

PROMPT r> "Enter distance (NMI):
REAL-VALUE => 150.0, M4AX-VALUE 2> 500.0, MIN-VALUE => 0.0,
DATA-TYPE 2> FLOATING PT, NEXT-ITEM => 50J2 MENU ITEMS(3));

SOJ2 MENU ITEMSC1) :z new MENU ITEM TYPE'(ITEM -KIND => DATA-ITEM,
TITLE7 -> SOJ altitude, kft: so
PROMPT -> "Enter altitude (kft):of
REAL-VALUE z> 30.0, MAX VALUE 2> 150.0, MIN-VALUE => 0.0,
DATA-TYPE -> FLOATING PT, NEXT-ITEM 2> 50.32MENU ITEMS(2));

50.32 MENU :x new MENU TYPEI(TITLE =>
N 50.3 2 Parameter Menu

FIRST-ITEM -> 5032-MENU ITENS0i), ROWS BETWEEN ITEMS => 2);

-- 50.3 1 Parameter Menui

50.31 MENU ITEMSM5 :z new M4ENU ITEM TYPE'(ITEM -KIND => DATA-ITEM,
TITLE 2> "50.3 ERPD, dBW/M14z: i
PROM4PT -> "Enter SOJ ERPO (dBWIMHz): of
REAL-VALUE 2> 30.0, MAX VALUE 2- 200.0, MIN-VALUE => 0.0.
DATA-TYPE -> FLOATING PT, NEXTITEM x> null);
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SOJI MENU ITEMSM4 :z new MENU ITEM TYPE'(ITEM-KIND => DATA-ITEM,
TITLE- *- SO.! ECM technique:
SOJECH ALUE z> BARRAGE NOISE,
PROMPT ;>
DATA-TYPE SOJECM, NEXT-ITEM -~ SOJ1 MENU ITEMS(5));

SOJI MENU ITEMSM3 :z new MENU ITEM TYPE' (ITEM KIND => DATA-ITEM,
TITLE x> "Look angle reL. to LAC, deg: ".-
PROMPT => "Enter angle (deg)(+right): 10,
REAL -VALUE => 0.0,* MAX VALUE => 90.0, HM VALUE => -90.0,
DATA-TYPE => FLOATING PT, NEXTITEM => SOJI MENU ITEMS(4));

SOAi MENU ITEMS(2) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE_-, "Range from taunch A/C, NMI: "--,

PROMPT => "Enter distance (NMI):of
REAL -VALUE =), 150.0, MAX -VALUE => 500.0, MN-VALUE => 0.0,
DATA-TYPE => FLOATING-PT, NEXT-ITEM z) SOJ1J4EW-JTEMS(3));

SOJ1 M4ENU ITEMS(1) := new M4ENU ITEM TYPE'(ITEM -KIND => DATA-ITEM,
TITLE-,- :- SO5J attitude, ki:
PROMPT => "Enter attitude (kft):
REAL -VALUE =-, 30.0, MAX VALUE => 150.0, MNH VALUE x> 0.0,
DATA-TYPE => FLOATING PT, NEXTITEM -1 SOilMENU ITEMS(2));

SOJI MENU :w new MENU TYPE'(TITLE z>
74 SO.! 1 Parameter Menu

FIRST-ITEM z> SOJI-MENU ITERSOi), ROWS BETWEEN.ITEMS => 2);

-- Target 2 Parameter Menu

TGT2 M4ENU ITEMSM7 := new MENU ITEM4 TYPE'(ITEM KIND => DATA-ITEM,
TITLE--> "ERPO, edUIMhz; LG, dB:
PROMPT z> "Enter ERPO/LG (cIWIMhz:cl): "
REAL VALUE => 30.0, MAX VALUE => 200.0, MN HVALUE => 0.0,
DATA TYPE -> FLOATING PT, NEXT-ITEM => nulL);

TGT2 M4ENU ITEMSM := new M4ENU ITEM TYPE'(ITEN KIND => DATA-ITEM,
TITLE-) u "ECH technique:
SSJ ECM VALUE -~ NONE,
PROMPT ;> "
DATA-TYPE => 55.! ECM, NEXT-ITEM => TGT2 MENU ITEMSC7));

TGT2 MENU ITEMS(S :z new M4ENU ITEM TYPE'(ITEM-KIND => DATA-ITEM,
TITLE---> "Target IR radiance:
TGT IR. SIZE VALUE -~ MEDIUM,
PROMPT => H"

DATA-TYPE => TGTJR SIZE, NEXT-ITEM z> TGT2 MENU ITEMS(6));

TGT2 M4ENU ITEMS(4:z new NEWU ITEM TYPE'CITEM-KIND => DATA-ITEM,
TITLE u' -Target RCS, square meters: "
PROMPT w), "Enter RCS (square meters):
REAL VALUE => 2.0, MAX VALUE => 100.0, M4IN VALUE => 0.0,
DATA.TYPE - FLOATINGJT, NEXT-ITEM z> TGTI2MENUJITEMS(5));

TGT2 MENU ITEM3 := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE--> -Echelon angle, deg (90 trait):",-
PROMPT w> "Enter echelon angle, (deg): ",
REAL..VALUE => 0.0, M4AX VALUE z> 180.0, HMN VALUE z> -180.0,
DATA7TYPE -> FLOATING PT, NEXTI!TEN a), TGTI2MENUJITEMS(4));

TGT M4ENU ITEMS(2) :a new MENU ITEM TYPE'(ITEM KIND - DATA-ITEM,
TITLE--> "Range to target T, feet:
PROMPT z> "Enter range (feet):
REAL VALUE u100.0, PMXVALUE z> 100000.0, HM VALUE => 100000.0,
DATA TYPE uFLOATING PT, NEXT ITEM -> TGT2ME TMS3)

TGT2 MENU-ITENSMi :a new MENU ITEM TYPE'(ITEM KIND z> DATA-ITEM,
TITLE -, -Target altitude, kit:-
PROMPT a> "Enter altitude (kft):
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REAL-VALUE => 30.0, MAX-VALUE => 150.0, MIN-VALUE z> 0.0,
DATA-TYPE => FLOATING-PT, NEXTITEM => TGT2 MENU ITENS(2));

TGT2 M4ENU :z new M4ENU TYPEI(TITLE z>
78 Target 2 Parameter Menu

FIRST-ITEM => TGT2 MENU ITEMS(1), ROWS BETWEEN ITEMS => 2);

- Target 1 Parameter Menu

TGTI1 MENU ITEMS(15) :x new MENU ITEM TYPEI(ITEM KIND => DATA-ITEM,
TITLE--- "ERPO, dBW/Mhz; Loop gain, dB: "
PROMPT z> "Enter ERPO/LG (dlW/Mhz:dlB)
REAL-VALUE => 30.0, MAX-VALUE z> 200.0, MIN-.VALUE => 0.0,
DATA-TYPE => FLOATING-PT, NEXT-ITEM => nutt);

TGT1 MENU ITEMS(14) := new MENU ITEM TYPE' (ITEM KIND => DATA-ITEM,
TITLE7=> "ECM technique:
SSJJECM VALUE z> NONE,
PROMPT => "1
DATA-TYPE z> SSJECN, NEXT-ITEM => TGT1 MENU ITEMS(15));

TGTI1 MENU ITEMS(13) := new MENU ITEM TYPE'C ITEM -KIND => DATA-ITEM,
TITLE7=> "Weave period, see: Ig
PROMPT => "Enter weave period (see): It,
REAL-VALUE => 20.0, MAX-VALUE => 100.0, MIN-VALUE =) 1.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM => TGT1 MENU ITEMS(14));

TGT1 MENU ITEMS(12) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE--2)'"Angle to turn, deg (.right): go
PROMPT => "Enter angle to turn (deg): "

REAL-VALUE z> 10.0, MAX VALUE => 3600.0, MIN-VALUE => -3600.0,
DATA-TYPE => FLOATING-PT, NEXT-ITEM z> TGT1 MENU ITEMS(13));

TGT1 MENU ITEMS0il) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE-=> "Maneuver buildup time, see: "
PROMPT => "Enter buildup time (sec): H
REAL-VALUE => 1.0, MAX VALUE 2) 10.0, MIN VALUE => 0.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM => TGT1 MENU ITEMS(12));

TGTI MENU ITEMSC1O) := new MENU-ITEM TYPEI(1TEM-KIND => DATA-ITEM,
TITLE-=> -Man, start value, sec or NMI: "1,

PROMPT z> "Enter start value (sec / NMI):$#,
REAL-VALUE => 10.0, MAX VALUE => 500.0, MIN-VALUE => 0.0,
DATA-TYPE 2) FLOATING PT, NEXT-ITEM => TGTI MENU ITENSC 11));

TGTI MENU ITEMS(9) := new MENU ITEM TYPEI(ITEM KIND => DATA-ITEM,
TITLE -- "Maneuver start paBrameter: "
MANEUVER START VALUE z> FLIGHT-TIME,
PROM4PT Is) goIs
DATA-TYPE z> MANEUVER-START, NEXTITEM 2) TGT1 MENU ITEMS(10));

TGT1 MENU ITEMSM8 := new M4ENU ITEM TYPEI(ITEM KIND => DATA-ITEM,
TITLE--), "Maneuver g's-
PROMPT gg "Enter maneuver 9's:
REAL-VALUE z> 2.0, MAX-VALUE => 12.0, MIN-VALUE => 0.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM => TGT1 MENU ITEMS(9));

TGTI MENU ITEMS(7 := new M4ENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE- -- Maneuver type: N
MANEUVER VALUE a)- NONE,

DATA-TYPE z), MANEUVER, NEXT-ITEM se) TGT1 MENU ITEMS());

TGTI MENU ITEMSC6 :gr new MENU ITEM TYPE'(ITEMKIND => DATA-ITEM,
TITLE z) "Target IR radiance:
TGT ZR SIZE VALUE -) MEDIUM,
PROMPT 0N
DATA-TYPE x> TGTIRSIZE, NEXT-ITEM z> TGTI MENUITEMS(7));
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TGTI...MENUTENS(5) := new MENU ITEM TYPE'(ITEM..KINiD => DATA-ITEM,
TITLE a> "Target RCS, square meters: am,
PROMPT - "Enter RCS (square meters): is
REAL VALUE a)2.0, M4AX-VALUE -) 100.0, MIN-.VALUE -) 0.0,
DATA-TYPE =FLOATING PT, NEXTITEM ot) TGTI MENU ITENS(6));

TGT1.NEUTEMS(4) :z new MENU ITEM TYPECITEN .KIND => DATA-ITEM,
TITLE -> "Target slant range, n
PROMPT => "Enter range (MI):
REAL-VALUE - 20.0, MAX-VALUE => 500.0, MIN-VALUE => 0.0,
DATA-TYPE => FLOATING-PT, NEXTITEM = TGTL-MENUJITEMS(5));

TGTI MENU ITEMSM3 := new MENU ITEMYPE10TEM.KIND => DATA-ITEM,
TITLE- --"Target aspect angle, deg: u

PROMPT => "Enter aspect angle (deg): "

REAL -VALUE => 180.0, MAX -VALUE => 360.0, MIN VALUE => -360.0,
DATA-TYPE z> FLOATING PT, NEXTITEM =, TGT1 MENU ITEMS(4));

TGT1 MENU ITEMSM2 := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE- = "Target speed, mach:
PROMPT => "Enter mach nurber:
REAL-VALUE => 0.9, M4AX-VALUE 4.0, MIN-VALuE => 0.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM =. TGTI1MENUJITEMS3));

TGT1..MNU.ITEMSC1) := new MENU-ITEM -YPE'(ITEM-KIND =>DATA-ITEM,
TITLE => "Target attitude, kft:
PROMPT a> "Enter attitude (kft):
REAL-VALUE => 30.0, MAX VALUE => 150.0, MIN VALUE =2 0.0,
DATA TYPE =3 FLOATING PT, NEXTITEM z> TGT1 MENU-ITEMS(2));

TGT1 MENU :z new M4ENU-TYPE' (TITLE =>
i;Target I Parameter Menu is,

FIRST-ITEM => TGTI1 MENU ITENS~l), ROWS BETWEEN ITEMS w> 1);

- - Target Parameter Menus

TGT M 1ENU -ITEMSM7 :x new MENU - TEMN TYPE'(ITEM KIND => SIUNENU, TITLE =>
HSOJ 2 Parameter Menu g
DATA-TYPE a) NONE, NEXT-ITEM => null, NEXT-MENU
50J2 M4ENU);

TGT-MENUl ITENS (6) :a new MENtUJTEM TYPE'(ITEM.KIND w, DATA-ITEM,
TITLE - "Enable S04 2:is
YES-NO VALUE z) NO, PR0OMPT go), "t
DATA-TYPE => YES-NO, NEXT-ITEM z> TGTMENU-ITEMS(7));

TGT M 1ENU -ITEMS(S :a new M4ENU-ITEM TYPE'(ITEM KIND => SUBMENU, TITLE =>
"504 1 Parameter Menu o
DATA-TYPE ot) NONE, NEXT-ITEM -) TGTMNENUITEMS(6), NEXT-MENU =>
SOJI MEN);

TGT..MEWUJTEMS(4) :a new MENUJITEMJTYPE'(ITE...KIND z> DATA-.ITEM,
TITLE go "Enable SOJ 1:N
YES NO VALUE -) NO, PROM4PT go N
DATA-TYPE ocp YES-NO, NEXTITEM => TGT-MENU..ITEMS5));

TGT MENU ITEMSM3 :a new M4ENU ITEM TYPEI(ITEM KIND =) SUUMENU. TITLE =>
-Target 2 Parameter menu g
DATA-TYPE -) NONE, NEXT-ITEM a) TGT-MENU-ITEM4S(4), NEXTJ4ENU =>
TGT2 MENU);

TGT.MENUITEMS(2) :* new 1MENUITEM.TYPE'CITEM..KIND => DATA-.ITEM,
TITLE z) "Enable target Z:
YESNOVALUE -) NO, PROMPT H ,
DATA-TYPE go) YES-NO, NEXTITEM => TGT-MENU.-ITEMS3));

TGT M 1ENU ITENSOi) :x new MENU ITEM TYPE'(ITEM-KIND go) SUBMENU, TITLE a

"Target 1 Parameter Menu 0DATA-TYPE gou NONE, NEXTITEM a) TGT MENUtJTEMS(2), NEXT-MENU a

122



TGT1MNENU);

TGT -MENU := new MENU TYPE'(TITLE =>
a Target Parameter Menus

FIRST-ITEM => TGT M4ENU ITEMS~l), ROWS BETWEEN ITEMS => 2);

-- Laun~ch Aircraft Parameter Menu

LAUNCHER MENU ITEMS(6) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE => "Launch A/C guidance mode: "9,

INT GUIDANCE VALUE =, NON MANEUVERING,
PROMPT =>1 t
DATA-TYPE => INT GUIDANCE, NEXTITEM => nulL);

LAUNCHER.MENUJITEMS(5) :=new MENUJITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE => "Launch A/C Lead angle, deg: Igo
PROMPT => "Enter Lead angle (deg): If
REAL-VALUE => 0.0, 1MAX-VALUE => 90.0, MIN-VALUE => -90.0,
DATA-TYPE => FLOATING PT, NEXT-ITEM => LAUNCHER MENU ITEMS(6));

LAUNCHER MENU ITEMS(4) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE -> "Launch A/C speed, mach: so
PROMPT => "Enter mach niuber: f
REAL-VALUE => 0.9, MAX-VALUE => 3.0, MIN-VALUE => 0.0,
DATA-TYPE => FLOATING PT, NEXTITEM => LAUNCHER MENU I TEMS(5));

LAUNCHER MENU ITENS(3) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE => "Launch A/C attitude, kft: "f,
PROMPT - "Enter attitude Okft):If
REAL-VALUE => 30.0, MAX-VALUE => 70.0, MIN-VALUE => 0.0,
DATA-TYPE - FLOATINGPT, NEXT-ITEM => LAUNCHER MENU ITEMS(4));

LAUNCHER MENU ITEMS(2) := new M4ENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE => "Launcher type:Be
LAUNCHER-VALUE => RAIL, PROMPT =>1
DATA-TYPE => LAUNCHER, NEXT-ITEM => LAUNCHERMENUITEMS(3));

LAUNCHER MENU ITEMS~l) := new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE => "Launch A/C type:
AIRCRAFT KIND VALUE => F-14, PROMPT
DATA-TYPE => AIRCRAFT-KIND, NEXTITEM LAUNCHER MENU ITEMS(2));

LAUNCHER-MENU := new MENU TYPE'(TITLE -
Launch Aircraft Parameter Menu

FIRST ITEM z2 LAUNCHER MENU ITENS~l), ROWS BETWEEN ITEMS => 2);

-- File Operations Menu

FILE.MENU ITEMS(7 :z new MENU ITEN TYPE'(ITEM KIND => DATA-ITEM,
TITLE- -- Data Log interval, frames: H

PROMPT z> "Enter Log interval (frames): "

REAL VALUE => 4.0, 14AXVALUME => 100.0, M4IN-VALUE => 1.0,
DATA-TYPE a) FLOATING.PT, NEXT-ITEM z>nulL);

FILE MENU ITEMSC6) :a new MENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE-a> "Siinulation frame time, sec: "

PROMPT aD "Enter frame time Csec): a
REAL-VALUE -) 0.25, MAX VALUE %> 10.0, MIN-VALUE => 0.01,
DATA-TYPE w) FLOATING PT, NEXTITEM - FILE M4ENU ITEMS(7));

FILE MENU ITEM5 :z new NEWU ITEM TYPE'CITEM KIND - DATA-ITEM,
TITLE- -Write output data to fite: ",_
YES NO VALUE If NO, PROMPT -o
DATA-TYPE => YES-NO, NEXT-ITEM => FILE MENUJITEMS(6));

FILE MENU ITEM) :z new MENU ITEM TYPE'(ITEM KIND z> DATA-ITEM,
TITLE--> "Name of output da~ta fil7e: "

PROMPT => "Enter name of output file: "

TEXT-VALUE zi) MISSILE.OUTFILE,
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DATA-TYPE => TEXT, NEXT-ITEM z> FILE-MENU-ITEMSC5));

FILE 1MENU ITEMSM := new M4ENU ITEM TYPE'(ITEM KIND - ACTION,
TITLE s "Save scenario data file I
DATA-TYPE zNONE, NEXT-ITEM - FILE MENU ITEMS(4),
ACTION-KIND => SAVE-DATA);

FILE MENU ITEMSC2) :z new MENU ITEM TYPE'(ITEM KIND => ACTION,
TITLE - "Load scenario data file 1
DATA-TYPE z> NONE, NEXTITEM => FILE MENU ITEMS(3),
ACTION-KIND => LOAD-DATA);

FILE MENU ITENSOi) := new M4ENU ITEM TYPE'(ITEM KIND => DATA-ITEM,
TITLE-- "Name of scenario data fiLe: "

PROMPT => "Enter name of scenario fiLe: "

TEXT VALUE z> MISSILE.DATFILE,
DATA-TYPE => TX, NEXT-ITEM - FILE MENU ITEMS(2));

FILE MENU := new MENU TYPE'(TITLE z>
H File Operations Menu

FIRST-ITEM => FILE MENU ITEMS(l), ROWS BETUEEN ITEMS => 2);

-- Main Menu

M4AIN MENU ITEMS(S :z new MENU ITEM TYPE'(ITEM KIND => SUBMENU, TITLE =>
"-Grapg Data from Previous iu "%

DATA-TYPE z> NONE, NEXTITEM => null, NEXT-MENU => GRAPH-MENU);

M4AIN M4ENU ITEMSM4 :z new M4ENU-ITEM TYPE'(ITEM-KIND 2) ACTION, TITLE =>
"IStart Simutation Run 7
DATA TYPE => NONE, NEXT-ITEM =) MAIN MENU ITEMS(5),
ACTION KIND =) START-RUN);

MAIN NEW ITEMSM := new MENUJITEMJTYPE'(ITEM KIND => SUSMENU, TITLE =>
"-Target Parameter Menus it
DATA-TYPE => NONE, NEXTITEM 2) MAIN MENU ITEMS(4), NEXT-MENU =>
TGT-MENU);

MAIN MENU ITEMS(2) := new MENU ITEM TYPE'(ITEM KIND => SUIMENU, TITLE =>
"'Launch Aircraft Parameter Menu".
DATA-TYPE z) NONE, NEXT-ITEM 2) M4AIN MENU ITEMS(3), NEXT-MENU 2)

LAUNCHER-MENU);

MAIN MENU ITENS(1) :z new MEUIE YE(TMKN => SLJBMENU, TITLE
"-File perations Menu - 7
DATA-TYPE 2) NONE, NEXT-ITEM 2) ;AINMNENUJITEMS(2), NEXT-MENU =>
FILE MENU);

MAIN MENU := new MENU TYPE'CTITLE 2) MISSILE.MAIN M4ENU TITLE,
FIRST-ITEM 2) MAlIMENU ITENS~l). ROWSBETWEEN ITEMS => 2);

end SETUP M4ENU DATA;

separate (USERINTERF ACE)

procedure SETUP-RUNTIME-SCREEN is
begin

SYSTEM SPECI FIC.CLEAR SCREEN;
DRAW RUNTIME lORDER;

SYSTEM SPECIFIC.PUT -STRING( 1, 3, "Elapsed Time, sec:
SYSTEM SPECIFIC.PUT STRING( 2, 3, "Flight Time, sec
SYSTEM SPECIFIC.PUT STRING( 3, 3, "Msl Time to Go, sec: )
SYSTEM SPECIFIC.PUT STRINGC 4,, 3,

SYSTE --E-------------N-- 5,-3,-M----F-Se-er-Mod
SYSTEM SPECIFIC.PUT STRING( 6, 3, "Msi IR Seeker Mode 9)
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SYSTEM SPECIFIC.PUT STRING( 7, 3, "MaL Az Gimbel Angle, dog :0);
SYSTEM SPECIFIC.PUT STRING( 8, 3, "MsL EL Gimbel Angle, deg :NN);
SYSTEM SPECIFIC.PUT STRING( 9, 3, "Msi Az LOS Rate, dig/sec :"1);
SYSTEM SPEC!FIC.PUT STRIWGC O, 3, "MaL Et LOS Rate, dig/sec :)
SYSTEM-SPECIFIC.PUT-STRING(11 * 3.

_------------------------;

SYSTEM SPEC!FIC.PUT STRING(12, 3, "MsL Guidance Node 1)
SYSTEM SPEC!FIC.PUTSTR!NGC13, 3, "MsI Az AcceL Cod, 9's :"1);
SYSTEM SPECIFIC.PUT STRING(14, 3, "MsL El AcceL Cmd, gins :91);
SYSTEM -SPEC! FIC.PUT STRING(15, 3,

of--------- ----------- _-------I)
SYSTEM SPECIF!C.PUT STRING(16, 3, "HsL Propulsion Mode 4)
SYSTEM SPECIFIC.PUT STRING(17, 3, "MsL Thrust, Lbs 1)
SYSTEM SPECIFIC.PUT STRINGC18, 3,

IN - ---- ---- ---- ---- ---- ---- ---

SYSTEM SPECIFIC.PUT -STRING(19, 3, "Mat Weight, lbs 1)
SYSTEM SPECIFIC.PUT STRINGC2O, 3, "MaL Angle of Attack, deg :if);
SYSTEM SPECIFIC.PUT STRING(21, 3, -Mat Sideslip Angle, deg :"1);
SYSTEM SPEC! FIC.PUTSTRING(22, 3,

If------------------------a)

SYSTEM SPECIFIC.PUT -STRING( 1,41, "MsL Mach
SYSTEM SPECIFIC.PUT STRING( 2,41, -MsL Velocity. ft/sec :"1);
SYSTEM SPECIF!C.PUT STRING( 3,41, --MsL Attitude, ft 1)
SYSTEM SPECIFIC.PUT STRING( 4,41, -Mst Attitude Rate, ft/sec:');
SYSTEM SPECIFIC.PUT STR!NG( 5,41, "-Mat Pitch Angie, deg :"1);
SYSTEM SPECIFIC.PUTSTR!NG( 6,41, -'Mat Heading Angle, dig :"1);
SYSTEM SPEC!F!C.PUT STRING( 7,41, "MHsL Downrange Pos, NMI :"1);
SYSTEM SPECIFIC.PUT STRING( 8,41, "-MsL Croasrange Pos, NMI :"1);
SYSTEM SPEC! FIC.PtIT STRING( 9,41,

IN------------------------)-

SYSTEM SPEC!F!C.PUT STRING(10,41, "MsL X Axis AcceL, gins :"1);
SYSTEM-SPEC!F!C.PUT-STRING(11,41, "MaL Y Axis Accel, g's :11);
SYSTEM SPECIF!C.PUT STRING(12,41, "Mat Z Axis AcceL, g's :"6);
SYSTEM SPECIFI C. PUT STR !NG( 13, 41,

$-------------------------------H)
SYSTEM SPECIFIC.PUT -STRINGC14,41, "Launcher-Tgt Range, NMI :"1);
SYSTEM4 SPECIFIC.PUT STR!UG(15,41, -Nst-Tgt Range, NM! #9
SYSTEM SPECIF!C.PUT STRING(16,41, "MNsL-Tgt Range Rate,ft/sec:");
SYSTEM SPEC!F!C.PJT STRINGC17,41, "'Tgt Mach 1)
SYSTEM SPEC!F!C.PUJT STR!NGC18,41, --Tgt Attitude, ft 1)
SYSTEM SPEC!F!C.PUT STRINIG(19,41, "ITgt Heading Angle, deg :)
SYSTEM -SPECIFIC.PUT -STRING(20,41,

N ------------------------- ;

end SETUP RUNT IME SCREEN;

separate (USER-INTERFACE)

procedu~re SHOW T!TLE SCREEN is
NUM TITLE SCREEN LINES :constant :=21;
TITLE SCREEN TEXT :STRING ARRAY(1..NUM TITLE SCREEN LINES) (

NC N -PPPPPPPPPP iSSSSSSisss
u NNW UN PP PP SS
" N N *NU PP PP SS

N N N UN PPPPPPPPPP SSSSSSSSSS
UN NUWN PP SS
UN NUN PP SS
H N UN PP SSSSSSSSSS

MI[SSILE.TITLE SCREEN LINE,

HELLOI
UIN

:The siulation represents a generic air-to-air missile and "

"there for isIN

UNCLASSIFIED!
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U ENJOYI

CHAR :character;
ROW :integer;

begin
SYSTEM SPEC! FIC.CLEAR SCREEN;
SYSTEM SPECI FIC.TURN CURSOR OFF;
SYSTEM SPECI FIC.DRAW BOX;

ROW :z 2;
for I in 1..NUM TITLE SCREEN LINES Loop

SYSTEM SPECIFIC.PU)T STRING(ROW, 10, TITLE SCREEN TEXT(1 ));
ROW := ROW + 1;

end toop;

SYSTEM SPEC! FIC.REVERSE TVIDEO ON;
SYSTEM SPECIFIC.PUT STRING(24,25, 11 Press the space bar to begin ;

SYSTEM SPEC! FIC.REVERSE VIDEO OFF;
KEYOARD HANDLER. GET KEY WAIT(CHAR);

end SHOW TITLE SCREEN;

separate (USERJNTERFACE)

task body KEYBOARD-HANDLER is
SUFFER-SIZE : constant := 100;
BUFFER :array(1..BUFFER SIZE) of character;
HEAD INDEX : integer :1;

TAIL INDEX : integer :1;

KEYS IN SUFFER : integer := 0;

begin
Loop

white SYSTEM SPECIFIC.KEY-AVAILABLE and
KEYS IN BUFFER < BUFFERSIZE Loop

BUFFER(HEAD -INDEX) := SYSTEM SPEC! FIC.GET KEY;
HEAD INDEX := (HEAD-INDEX mod BUFFER SIZE) + 1;
KEYS7IN BUFFER := KEYS IN BUFFER + 1;

end Loop;

seLect
accept KEY AVAILABLE(KEY IN SUFFER :out bootean) do

if KEYS I N BUFFER > 0 then
KEY IN BUFFER :2true;

eLse
KEY IN -BUFFER :2false;

end if;
end KEY-AVAILABLE;

or
when KEYS IN BUFFER ), 0
accept GET-KEYWAIT(KEY :out character) do

KEY := BUFFERCTAILINDEX);
TAIL INDEX :z (TAIL INDEX mod BUFFER SIZE) + 1;
KEYS7IN SUFFER := KEYS IN SUFFER - I;

end GET KEY WAIT;
or

accept GET -KEYN- OWMIT(KEY : out character;
KEY-VALID - out bootean) do

if KEYS IN SUFFER >0 then
KEY :- SUFFER(TAILINDEX);
TAIL-INDEX :z (TAIL -INDEX mod SUFFER -SIZE) + 1;
KEYS IN-BUFFER :- KEYS.N-BUFFER -1,
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KEY-VALID :- true;
else

KEY VALID : faLse;
end if;

end GETKEY.NOWAIT;
eLse

nuLL;
end seLect;

end toop;
end KEYBOARD HANDLER;

-- System Specific Package Specification

-- This package contains the routines that are specific to the particular
-- computer system that it is running on.

with MATH; use MATH;

package SYSTEM-SPECIFIC is
type 4ENUCOMMAND is C

UP ARROW,
DOWN ARROW,
ENTERKEY);

procedure INIT.VIDEO;

function IS MONOCHROME
return boo lean;

procedure CLEARSCREEN;

procedure REVERSE.VIDEOON;

procedure REVERSE VIDEOOFF;

procedure MOVE CURSOR C
ROW : integer;
COLUMN : integer);

procedure TURNCURSORON;

procedure TURN CURSOR.OFF;

procedure PUT-STRING (
SCREEN-ROW : integer;
SCREENCOLUMN : integer;
TEXT-STRING : string);

procedure PUT-REAL C
ROW : integer;
COLUMN : integer;
NUMBER : REAL;
AFTER : integer :- 2);

procedure INPUT.STRING (
TEXT-STRING : out string);

function GET KEY
return character;

function KEY AVAILABLE
return boolean;

function GETMENU COMAND
return MENUCOMMAND;

procedure DRAW-BOX;
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procedure GUI TPROGRAM;

end SYSTEN.SPECIFIC;

-System Specific Package Body

-This package contains the routines that are specific to the particular

-computer system that it is running on.

with MATH; use MATH;
with BIT OPS; use BIT OPS;
with CONA0N -DISPLAYTYPES;
with System;
with PROGRAM CONTROL;
with INTERRUPT;
with TEXT 10;
with REAL JO;
with TTY;
with BOX;
with EQUIPMENT;

package body SYSTEM SPECIFIC is
MONOCHROME :booLean;
REVERSE VIDEO :boolean :=false;
FAST VIDEO :booLean :=true;
EGA FLAG :boolean;
COPROCESSOR FLAG : bootean;

- - Set up video buff.tr as an array

MONO.BUFFER ADDR System.Address Systein.Address(1698000 0000#);
COLORBSUFFER.ADDR :System.Address System.Address(1668000000o#);

type byte is range 0.. 16FF#;

type SCREEN CHAR TYPE is
record

CHAR : byte;
ATTRIBUTE : byte;

end record;

pragma PACK(SCREEN CHAR TYPE);

HMO BUFFER :array (0. .24, 0. .79) of SCREEN CHARTYPE;
COLOR BUFFER :array (0. .24, 0. .79) of SCREEN CHAR TYPE;

for MONO BUFFER use at MONO BUFFER ADDR;
for COLOR BUFFER use at COLOR BUFFER ADOR;

procedure INIT -VIDEO is
REGISTER INTERRUPT.REGISTERS;
TEST BITS :integer;
EQUIP : EQUIPMENT.EGUIPMENT LIST;

begin
REGISTER.AX := 160OF00; --Return current video state
INTERRUPT.VECTOR(16100, REGISTER);
if (REGISTER.AX and 16UFFS) z 7 then

MONOCHROME :utrue;

else
MIONOCHROME :false;

end if;

REGISTER.AX 16100;- Code to return EGA info
REGISTER.BX :=167FION;
REGISTER.CX :2160OOFFO;

INTERRUIPT.VECTOR( 1610, REGISTER);
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TEST-BITS := (REGISTER.BX and 1607FOO#) or (REGISTER.CX and 16#OOFOO);
if TEST BITS /20 then

EGOFLAG 2false;

else
EGA-FLAG true;

end if;

EQUIP :z EQUIPNENT. LIST;
if EQUJIP.MATH COPROCESSOR then

COPROCESSOR FLAG :~true;
else

COPROCESSOR -FLAG :2false;

text io.put Line(ERROR: No 80x87 math coprocessor found.");
text io.put LineC"This program requires a math coprocessor.");
PROGRAMN CONTROL .QUIT(O);

end if;
end INIT VIDEO;

procedure DRAW-BOX is
begin

BOX.DRAW(O, 0, 24, 79, BOX.DOUBLE SIDED);
end DRAW-BOX;

function IS MONOCHROME
return booLean is

begin
return MONOCHROME;

end IS MONOCHROME;

procrdure CLEAR-SCREEN is
R6GISTER : INTERRUPT.REGISTERS;

begin
REGISTER.AX := 16#0600#;

if IS MONOCHROME then
REGISTER.BX :216107001;

elIse
REGISTER.BX :216107000;

end if;

REGISTER.CX :216#00000;

REGISTER.DX :16#1009 * 24 + 79;
INTERRUPT.VECTOR( 169109, REGISTER);

end CLEAR-SCREEN;

procedure REVERSE VIDEO ON is
begin

REVERSE-VIDEO := true;
end REVERSE VIDEO-ON;

procedure REVERSE VIDEO OFF is
begin

REVERSE-VIDEO :m false;
end REVERSE VIDEO OFF;

procedure M OVE -CURSOR(
ROW : integer;
COLUMN : integer) is

REGISTER : INTERRUPT.REGISTERS;
begin

REGISTER.AX :*16102001;
REGISTER.BX :~1600009;
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REGISTER.DX := 160100# * ROW + COLUMN;

INTERRUPT .VECTOR( 16#1O#, REGISTER);

end MOVE-aJRSOR;

procedure TURN CURSOR0ON is
REGISTER INTERRUPT.REGISTERS;

begin
REGISTER.AX := 6#0100; - - Set cursor type
if IS MONOCH1ROME then

REGISTER.CX 16#OCOD#; -- Cursor start & stop Lines
el se

REGISTER.CX 16# W07#;
end if;
INTERRUPT.VECTOR(160100, REGISTER);

end TURN CURSOR ON;

procedure TURNSCURSOR OFF is
REGISTER :INTERRUPT.REGISTERS;

begin
REGISTER.AX :=16#0100#; -- Set cursor type
REGISTER.CX :z 16#2020#; -- Cursor start & stop tines
INTERRUPT.VECTOR(160100, REGISTER);

end TURN-CURSOR-OFF;

procedure PUTSTRING (
SCREEN -ROW :integer;
SCREEN COLUMN :integer;
TEXT-STRING :string) is

COLUMN :integer;
begin

if FAST VIDEO then
COLUM :- SCREEN COLUMN;
if IS MONOCHROME then

for I in TEXT STRING'range loop
MONO _UFFERCSCREEN ROW, COLUMN).CHAR
byte(character'pos(TEXTSTRINGCI )));
if REVERSE VIDEO then

MONO-SUFFER(SCREEN ROW, COLUMN).ATTRISUTE 16#70#;
else

MONO _BUFFER(SCREEN-ROW, COLUMN)..ATTRIBUTE 16#07#;
end if;
COLUMN :a COLUMN + 1;

end Loop;
else

for I in TEXT STRING'range Loop
COLOR WUFFER(SCREEN ROW, COLUMN) .CHAR
byte(character'posCTEXT -STRING(I )));
if REVERSE VIDEO then

COLOR 1UFFERCSCREE..ROW, LOLUMN).ATTRIBUTE 16#17#;
else

COLOR UUFFER(SCREEN-R0W, COLUMN) .ATTR IBUTE =160070;
end if;
COLUMN := COLUMN + 1;

end Loop;
end if;

etae
TTY.Put(COMMONDISPLAY TYPES.ROW RANGE(SCREEN ROW),

COMMON DISPLAY TYPES. COLUMN RANGE(SCREEN COLUMN ),
TEXT-STRING, REVERSE VIDEO ;, REVERSE-yIDEO);

end If;
end PUT-STRING;

procedure PUT-REALC
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ROW :integer;
COLUMN :integer;
NUMBER : REAL;
AFTER :integer :z 2) is

REAL -STRING : string(l..1O);
begin

REAL IO.Put(REAL STRING, NUM4BER, AFT => AFTER, EXP =>0);
PUT STRING(ROW, COLUMN, REAL-STRING);

end PUT-REAL;

procedure INPUT-STRING (
TEXT -STRING :out string) is
LAST naturat;

begin
LAST :TEXT -STRING' Last;
TTY.GetCTEXT -STRING, LAST);

end INPUTSTRING;

function GET KEY
return haracter is
SCAN -CODE :COMMON I SPLAY TYPES .byte;
CHAR :character;

begin
TTY.Get(SCAN -CODE, CHAR);
return CHAR;

end GET-KEY;

function KEY AVAILABLE
return booLean is

begin
return TTY.CHAR READY;

end KEY-AVAILABLE;

function GET MENUJ COMMAND
return MENU COMMAND is

CHAR :character;
SCAN CODE : COMMON DISPLAY TYPES.byte;
NEW-MENU COMMAND M-1ENU COMMAND;

begin
Loop

TTY.Get(SCAN CODE, CHAR);

case SCAN CODE is
when h2 ->

NEW-1MENU-COMMAND :~UP-ARROW;
exit;

when 80 z)
NEW-1MENU-COMM4AND :DOWN-ARROW;
exit;

when 28 3)

NEW-14ENU-COMMAND :~ENTER-KEY;
exit;

when others z>
nutL;

end case;
end Loop;
return NEW-MENU -COMMAND;

end GET-MENU COMN;

procedure QUIT PROGRAM is
DIM14Y :integer;

begin
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CLEAR .SCREEN;
PANE URSOR(O, 0);
TURN CURSOR ON;
PROGRAM CONTROL.QUITCO);

end QU I TPROGRAM;

end SYSTEM-SPECIFIC;

-Integration Package Specification

-This package contains the limited private data type for state variables and

-the integration initialization and update procedures used on the states.

with MATH; use MATH;

package INTEGRATION is

procedure INITIALIZE;

procedure ADVANCE-T IME;

procedure SET-TIME STEP SIZEC
NEW TIME STEP SIZE 7-in REAL);

funct ion STEP-SIZE
return REAL;

end INTEGRATION;

Integration Package Body

*This package performs integration of the state variables.

with MATH; use MATH;
with REAL MATRIX; use REAL-MATRIX;
with APPLICATION;
with ENVIRONMENT;

package body INTEGRATION is
TIME STEP SIZE :REAL;

STATE :VECTOR(I. .APPLICATION.NWIBER OF STATE VARIABLES);
TEMP STATE VECTOROi. .APPLICATION.NUMBER OF STATE VARIABLES);
DERIVATIVEI VECTOR(1. .APPLICATION.NUMBER O0F -STATE VARIABLES);
DERIVATIVE2 VECTORI . .APPLICATION.NUMBER-OF-STATE VARIABLES);

procedure SET-TIME-STEP-SIZE (
NEW TIME STEP SIZE :in REAL) is

begin
TIME STEP SIZE := NEW TIME STEP SIZE;

end SET TINE STEP-SIZE;

procedure MANNA is
begin

TEMP STATE := STATE + DERIVATIVE? * TIME-STEP -SIZE; -- Euler step
ENVIRONNENT.SET-TIMECENVIRONMENT.Time + TIME_ STEP SIZE); -- Update time
APPL ICAT ION .PU)T STATES(TEM4P STATE);
APPLICATION.CON4PUTE DERIVATIVES;
APPLICATION.GET DERIVATIVES(DERIVATIV.1);
- - Trapezoidal ;top
STATE :n STATE + (DERIVATIVEI + DERIVATIVE2) * .5*TINE STEP SIZE;
DERIVATIVE? := OERIVATIVEl; -- Save derivatives for next step
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end HANNA;

procedure INITIALIZE Is
begin

APPLICATION.GET-DERIVATIVES(DERIVAT IVE2);
APPLICATION.GETSTATESCSTATE);

end INITIALIZE;

procedure ADVANCE-TIM4E is
begin

HANNA;
end ADVANCE TIME;

function STEP-SIZE
return REAL is

begin
return TIME STEP-S!ZE;

end STEP-SIZE;

end INTEGRATION;

Math Package Specification

with MATH LIE;

package MATH is
type REAL is digits 15; -- Use this for aLL floating point values

PI constant MATH LIB.PI; -- Dimensionless
E constant MATH LIB.E; - - Dimensionless
DEG TO RAD constant P1 PI 180.0; - - Deg
RAD TO7DEC constant :=1.0 /DEG TO RAD; - /Deg
G -constant 32.174; -- Gravity, feet /sec**2
C :constant 983 569 000.0; -- Light speed, feet / sec
GAMMA :constant 1= .4;- -- Air specific heat ratio
R :constant :=1718.0; -- Air gas constant, foot-Lb / (sLug-R)
R -ARTH :constant :=20 925 626.0; -- Earth radius, feet
BOLTZMANN K :constant 1.38E-23; -- Boltzmann's constant, watt-secldeq K
FEET PER NM!: constant :6076.115; Feet INMI
MENU SYSTEM :constant bootean true;

function SIGN (
ARG :in REAL)

return REAL;

function SIN
ARG :in REAL)

return REAL;

function COSC
ARG :in REAL)

return REAL;

function TAN
ARG :in REAL)

return REAL;

function ASINC
ARG : in REAL)

return REAL;

function ACOSC
ARG :in REAL)

return REAL;
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function ATAN
ARG : in REAL)

return REAL;

function ATAN2 C
LEFT in REAL;
RIGHT in REAL)

return REAL;

function EXP (
ARG : in REAL)

return REAL;

function SORT C
ARG : in REAL)

return REAL;

function LN C
ARG : in REAL)

return REAL;

function LOG C
ARG : in REAL)

return REAL;

procedure SEED RAN C
ARG : in REAL);

function RAN
return REAL;

function GAUSSIAN C
MEAN : in REAL;
STD DEVIATION : in REAL)

return REAL;

function LIMIT C
VARIABLE : in REAL;
LOWER LIMIT : in REAL;
UPPER LIMIT : in REAL)

return REAL;

function LIMIT C
VARIABLE : in REAL;
LIMIT MAGNITUDE : in REAL)

return REAL;

function N*** (
LEFT in REAL;
RIGHT in REAL)

return REAL;

function MIN C
LEFT in REAL;
RIGHT in REAL)

return REAL;

function MAX C
LEFT in REAL;
RIGHT in REAL)

return REAL;

function AX3 C
LEFT in REAL;
MID in REAL;
RIGHT : in REAL)

return REAL;
end MATH;
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-- Below are instantiations of generic packages

with MATH; use MATH;
with Text jo; use Textjo;

package REAL-10 is new F Loat~io(REAL);

with Text io;

package LONG 10 is new Text..io. Integer io( Long integer);

-- Define a package of 'glue' routines needed for REAL MATRIX

with Text Ia; use Text io;
with REAL 10; use REALJ1O;
with MATH; use MATH;

package REAL-MATRIX GLUE is
function MAGNITUDECELEHENT :REAL) return REAL;
function TO-FLOAT(ELEMENT :REAL) return float;
function FROM FLOAT(ELEMENT :float) return REAL;

procedure GET ELEMENT(FILE :in Fite-type; ELEM4ENT :out REAL);
procedure GETfiLEMEHT(ELEMENT :out REAL);
procedure PUT ELEMENT(FILE :in File-type; ELEMENT :in REAL);
procedure PUT-ELEMENT(ELEMENT :in REAL);

praw. INLINE (MAGNITUDE, TO-FLOAT, FROMFLOAT);
end REAL-MATRIX GLUE;

package body REAL MATRIX GLUE is
function MAGNITUDE (ELEMENT REAL) return REAL is
begin

return abs(ELEMENT);
end M4AGN ITUDE;

function TO-FLOAT (ELEMENT :REAL) return float is
begin

return fLoat(ELEMENT);
end TO-FLOAT;

function FROM-FLOAT (ELEMENT :float) return REAL is
begin

return REAL(ELEMEHT);
end FROM-FLOAT;

procedure GET-ELEMENT(FILE :in File-type; ELEMENT out REAL) is
begin

Get(FILE, ELEMENT);
end GET-ELEMENT;

procedure GET ELEMENT(ELEMENT :out REAL) is
begin

GetCELEMENT);
end GET-ELEMENT;

procedure PUT ELEMENT(FILE :in Fite-type; ELEMENT in REAL) is
* begin

PutCFILE, ELEMENT);
Newl - ne(FILE);

end PUTELEMENT;

procedure PUT ELEMENT(ELEMENT :in REAL) is
begin

Put(ELEMENT);
Nowline;

end PUTELEMEMT;
end REAL MATRIX GLUE;

-- instantiate the M4ATRIX ANDVECTOR package for type REAL using
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- - the REAL-1MATRIX-GLUE routines

with M4ATRIX AND VECTOR;
with MATH; use MATH;
with REAL M4ATRIX GLUE; use REAL M4ATRIX GLUE;
package REAL-MATRIX is new MATRIX -AND -VECTOR(REAL);

-- Math Package Body

with MATH 118; use MATH LIB;

package body MATH is
RANDOM NUMBER REAL :=0.5; -- DefauLt seed vatue
EXTRA GAIJSS boolean :=fats.;
GAUSS 1 :REAL;
GAUSS 2 :REAL;
GAASSM1AG :REAL;
GAUSS-FACTOR :REAL;

function SIGN (
ARG :in REAL)
return REAL is

begin
if ARG , 0.0 then

return 1.0;
eLsif ARG < 0.0 then

return -1.0;
else

return 0.0;
end if;

end SIGN;

function SIN (
ARG :in REAL)
return REAL is

begin
return REALCSIN(fLoatCARG)));

end SIN;

fuction COS C
ARG :in REAL)
return REAL is

begin
return REAL(COS~fLoatCARG)));

end COS;

function TAN (
ARG in REAL)
return REAL is

begin
return SINCARG) / COSCARG);

end TAN;

function ASIN (
ARG :in REAL)
return REAL is

begin
if ARG z 1.0 then

return 0.5*PI;
else

return REALCATAN~floatCARG / SQRTC1.0 - ARG*ARG))));
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end if;
end ASIN;

function ACOS (
ARG :in REAL)
return REAL is

begi n
if ARG z 0.0 then

return 0.5*PI;
else

return REAL(ATAN(fLost(SQRT(l.0 - ARG*ARG) / ARG));
end if;

end ACOS;

function ATAN(
ARG :in REAL)
return REAL is

begin
return REAL(ATA9I(ftoat(ARG)));

end ATAN;

function ATAN2 (
LEFT in REAL;
RIGHT in REAL)
return REAL is

RESULT :REAL;
begin

if RIGHT /a 0.0 then
RESULT :=ATANCLEFT IRIGHT);

elsif LEFT > 0.0 then
return 0.5*PI;

return -05*PI;
end if;

if RIGHT <0.0 then
if LEFT > 0.0 then

RESULT :=RESULT + P1;
else

RESULT zzRESULT - PI;
end if;

end if;

return RESULT;
end ATAN2;

function EXP (
ARG :in REAL)
return REAL is

begin
return REAL(EXP(fioatCARG)));

end EXP;

function SORT (
ARG :in REAL)
return REAL is

begin
if ARG < 0.0 then

raise Constraint-error;
end if;
return REAL(SORT(ftoat(ARG)));

end SORT;
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function~ LK (
AMG :in REAL)
return REAL is

begin
return REAL(LN(float(ARG)));

end IN;

function LOG (
ARG :in REAL)
return REAL is

begin
return LN(ARG) / LN(10.O);

end LOG;

procedure SEED-RAN (
ARG :in REAL) is

begin
RANDOM NUMBER :=abs(ARG);

end SEED-RAN;

function RAN
return REAL is

-Notes on this funiction: Using the default seed (0.5) -

-Using a ultiplier of 257.874562956093 a pattern of dots created
a- n an EGA (61.0x350) screen by randomly generating x and y point
coordinates had visible Line patterns.

Using a multiplier of 19257.874562956093 the random nibrer sequence
-began repeating after about 2 million calls.

-Using the current value (1257.874562956093) the sequence will
-go at least 4 million cakls without repeating & appears random on
-the EGA.

begin - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -
RANDOM NUMBER 2(RANDOM NUMBER + 0.18568271032) * 1257.874562956093;
RANDOM-NUMBER =RANDOM NUMBER - REAL( integer(RANDONMNUMBER-O5));
return -RANDOM INUMBER;

end RAN;

function GAUSSIAN (
MEAN :in REAL;
STD DEVIATION :in REAL)
return REAL is

begin
if not EXTRA GAUJSS then

loop
GAUSS 1 :i2.0 * RAN - 1.0;
GAASS2 :2.0 * RAN - 1.0;

GAUSS NAG := GAUSS .1*2 + GAUSS 2**2;
exit ;hen GAUSS MAG < 1.0;

end loop;

GAUSS FACTOR :u SORT-2.0 *LN(GAUSS NAG) IGAUSS NAG);
GAUSS 1 := HM 4 STO DEVIATION * GAUSS 1 *GAUSS-FACTOR;

EXTRA GAUSS := true;
return GAUSS 1;

else
GAUSS-2 := MEAN + STD DEVIATION * GAUSS-2 *GAUSS-FACTOR;

138



EXTRA GAUSS := false;
return GAUSS_2;

end if;
end GAUSSIAN;

function LIMIT (
VARIABLE : in REAL;
LOWER LIMIT : in REAL;
UPPER LIMIT : in REAL)
return REAL is

begin
if VARIABLE > UPPER LIMIT then

return UPPER-LIMIT;
elsif VARIABLE < LOWER LIMIT then

return LOWERLIMIT;
else

return VARIABLE;
end if;

end LIMIT;

function LIMIT (
VARIABLE : in REAL;
LIMIT MAGNITUDE : in REAL)
return REAL is

begin
if VARIABLE > LIMIT MAGNITUDE then

return LIMIT MAGNITUDE;
eLsif VARIABLE < -LIMIT MAGNITUDE then

return -LIMIT MAGNITUDE;
else

return VARIABLE;
end if;

end LIMIT;
................................................................................

................................................................................

function "**- (
LEFT : in REAL;
RIGHT in REAL)
return REAL is

SIGN : REAL;
begin

if LEFT = 0.0 then
return 0.0;

etsif RIGHT z REAL(integer(RIGHT)) and LEFT < 0.0 then
if RIGHT = 2.0 * REAL(integer(RIGHT / 2.0)) then -- Even power

SIGN := 1.0;
else -- Odd power

SIGN := -1.0;
end if;

return SIGN * EXP(RIGHT * LN(abs(LEFT)));
else

return EXP(RIGHT * LN(LEFT));
end if;

end -1**";

function MIN (
LEFT in REAL;
RIGHT : in REAL)
return REAL is

begin
if LEFT < RIGHT then

return LEFT;
else

return RIGHT;
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end if;
end HMN;

function MAX (
LEFT in REAL;
RIGHT in REAL)
return REAL is

begin
if LEFT >RIGHT then

return LEFT;
else

return RIGHT;
end if;

end MAX;

function MAX3 (
LEFT in REAL;
MID in REAL;
RIGHT :in REAL)
return REAL is

begin
return MAX(MAX(LEFT, MID), RIGHT);

end MAX3;
end MATH;

-Model. Data Types Package Specification

-This package contains the data types for appLication specific variabies

-that need to be defined in severaL pLaces in the simulation

with MATH; use MATH;
with REAL-MATRIX; use REAL-MATRIX;

package MODEL TYPES is
type YES NO TYPE is (NO, YES);
type SUPER VECTOR is array (positive range <>) of VECTORC1..3);
type THREED is array (positive range <>,positive range -, positive

range <>) of REAL;

type JR PHASE TYPE is (NON-ACTIVE, IR-SEARCH, IR-ACQUISITION, IR-TRACK);

type RF -PHASE -TYPE1 is (MIDCCURSE,HPRF ACQUISTION,MPRF ACUISTION,TERMINAL);
type RF-PHASE TYPE2 is (NOW _ACTIVE,MIDCOU)RSEX BANDACQISIT1ON,

XBANDTRACK,KBANDACQUISI TION ,K BAND TRACK);

type AIRCRAFT -TYPE is CF_14,F_15,F_8,SIXDOF);
type LAUNCHER-TYPE is (RAIL, EJECT);

type SSJ -ECH TYPE is (NONE.REPEATER,BARRAGE NOISE);
type SOJ-ECMTYPE is (BARRAGE -NOISE,RSN,PRN);
type SSJ ECH TECHNIQUE is array 01..2) of SSJ ECM TYPE;
type SOJlECU -TECHNIQUE is array 01..2) of SOJ-EC..TYPE;

type GUIDANCE PHASE-TYPE is (NULL COMMANDS, HOLD-PATH, LOAD-BIAS,
VARIABLE-ARC, ALTITUDE-HOLD, TURN-DOWJN, TERMINAL);

type GJIO-SELECTIONJTYPE is (LAC-CUE,TG_1 ,TGT-2,SOJ1 ,SOJ 2);

type PROPUL TYPE is (BOOST,COAST,FLAMEOUT);

type INT GUIDANCE TYPE is (NOW-MANEUVERING, PURSUIT);

type TGTIR SIZE TYPE is (SMALL, MEDIUM, LARGE);
type MANEUVER TYPE is CNOME,TURN,WEAVE);
type M4ANEUVER STARIJYPE is (FLIGHTJIME,TIMEREMAINING,RANGETO.GO);
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tYPe STOP CONDITION TYPE it (AZGIMBALEL GISMAL,TOTALGINBAL,RANGEJRATE,
CROSSOVER * HIT GRONMAX TIN4E OFFLIGHT);

type SETUP VALUES TYPE is
record

FRAME TIM4E :REAL;
LOG iTERVAL : INTEGER;
INT -ALTITUDEIC :REAL;
INT -MACHJC : REAL;
INT LEAD ANGLE IC :REAL;
LAUNmCH TYPE - LAUNCHER TYPE;
TGT ALITUDE.IC VECTOR.7.4);
SOj ANGLEIC VECTOR(I..2);
TGT -MACH IC :REAL;
TGT ASPECT-IC REAL;
TGT2 ANGLEIC REAL;
TGT R ANGE IC VECTORCI. .1);
TGT -RCS IC : vector~l. .2);
TGT -TURN GIC : REAL;
TGT -TURNONVALUEIC :REAL;
TGT BUILDUP TIME IC :REAL;
TGT TURN ANG IC 7:REAL;
TGT WEAVE PERIC :REAL;
TGT TWO - C : YES-N NO TYPE;
SOJ -ONE IC :YES NO TYPE;
SoJ Tw IC : YES7NO7TYPE;
TGT ECW POWERIC: VECTORC..4);
TGT ECMTECH IC: SSJ ECH TECHNIQUE;
SOJ -E~k TECH IC: SOJ EON TECHNIOUE;
INT -TYPE -IC :AIRCRAFT TYPE;

LOG-DATA -YESNO _TYPE;
INT GUIDANCE :INT GUIDANCE TYPE;
TOTl -IR -SIZE : GT-IR-SIZE -TYPE;
TGT2 IR SIZE : TGTlRSIZE TYPE;
MANEUVER KIND : MANEUVER TYPE;
TURN ON PARAMETER :MANEUVER START-TYPE;
OUTPUT FILE :string(l..3O)-;

end record;

type NSL..LOG)DATA TYPE is
record

REAL-VALUE : VECTORC..34);

GUIDANCE -PHASE :GUIDANCE PHASE TYPE;
RF -PHASE - : RF -PHASE -TYPEI;
RF PHASE 2 : RF PHASE TYPE?;
IRPHASE : [It PHASE TYPE;
RADON OFF : bootean;
PROPULSION -PHASE :PROPUL-T'PE;

end record;

pre"i PACK(MSL LOG DATA TYPE);

type LAUNCHER-L0G DATA TYPE is
record

REAL-VALUE : VECTOR..3);
end record;

prawns PACKCLAUNCHER.LOG..DATATYPE);

type TARGET LOG-DATA TYPE is
record

REAL-VyALUE : VECTOR~..9);
end record;

prao" PACK( TARGET LOG DATA TYPE);

type LOG -ECORDJYPE Is
record
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MISSILE-DATA : SL LOG DATA TYPE;
LAUNCHER DATA :LAUNCHER LO0G DATA-TYPE;
TARGET-DATA .TARGET LOG DATA TYPE;

end record;

prague PACK( LOGRECORD TYPE);

RF -MODE :array (RF PHASETYPE2) of string(1. .9)
"I1nactive am,
"Midcourse",
"XBand Acq",
"Xland Trk",
HKBlad Acq",
"Kiand Trk");

JR-MODE :array (IR PHASETYPE) of string(1..9) C
IsInactive "

OIR Search",
"JR Acq 0,
"JR Track 0);

PROPULSION-MODE :array (PROPUL TYPE) of string(1. .9)
"Boost N,
"Coast U);

GUIDANCE-MODE :array (GUIDANCE PHASE TYPE) of string(1..9)
"Mutlt Cads",
"Hold Path",
"Load Bias",
"Var. Arc N,
"Alt. Hold",
"Turn Down",
"Terminal ');

STOP -REASON . array (STOP CONDITION TYPE) of string(l..9) C
"Az Gimbel-,
"EL Gimbel",
"Tot Gimb.u,
"Rangerate",
"Crossover",
"Hit Grnd.",
O" TOF ');

end MODEL TYPES;
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APPEIDIX D

PROBLEM SPACE OBJECT SOU1RCE CODE LISTINGS

-- Launcher package

-- This package contains the procedure calls which wiLL initiaLize,
-- setup, computes and get and put the missile state vector as welt
-- as calculating the necessary parameters to calculate the state
- vector.
......................................................................

with MATH; use MATH;
with REAL MATRIX; use REAL MATRIX;
with MODELTYPES; use MOELTYPES;

package LAUNCHER is

procedure SETUP(LACGUIDIN: in INT GUIDANCE_TYPE;
LEAD IN,
LAC MACH_ I N,
LAC ALT IN:in REAL;
LACTYPEIN: in AIRCRAFTTYPE);

procedure PUT.STATES(STATES: in VECTOR);

function GET DERIVATIVES return VECTOR;

function GET-STATES return VECTOR;

function LOG-DATA return LAUNCHERLOGDATATYPE;

function POLE(I: in INTEGER) return REAL;

procedure INITIALIZE;

function LACPOS return VECTOR;

procedure MSL INIT(LACVEL,LAC POSITION: out VECTOR; LAC GAIN,
LAC TRANS PWR, LAC BEAMWIDTH: out REAL);

procedure COMPUTE;

end LAUNCHER;

-- Launcher package

-- This package contains the procedure calls which wilt initialize,
-- setup, computes and get and put the missile state vector as welt
-- as computing the necessary parameters to calculate the state
-- vector.

with MODELTYPES; use MODEL-TYPES;
with MATH; use MATH;
with ENVIRONMENT;
with REAL MATRIX; use REALMATRIX;
with MISSILE;
with T" 1GETS;
WITH 'iEXT I0;WITH REAL 10;

package body LAUNCHER is
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LACWJUID : INT.-GUIDANCE.TYPE; -- Launch Aircraft Guidance Mode
LEAD : REAL; -- Launch Aircraft Lead Angle
LAC-1MACH : REAL; -. Launch Aircraft Mach
LAC-VEL NED : VECTOR 01.3); -- Launch Aircraft Velocity Vector
LACPOSNED VECTOR 0l..3); -- Launch Aircraft Position Vector
LOGGED-DATA LAUNCHER LOG-DATA TYPE O utput Vector
DERIVATIVES VECTORi. .3); -

STATE VECTORi. .3); -

LAC-TYPE AIRCRAFT TYPE;

procedure SETUP(LAC-GUIDJIN: in INT-GUIDANCEJTYPE;
LEAD-IN,
LAC-MACH_ N,
LAC ALT IN: in RE AL;
LAC TYPE IN: in AIRCRAFT-TYPE) is

begin
LAC GUID : LAC GUIDIN; -- Launch Aircraft Guidance Mode
LEAD LEAS IN; -- Launch Aircraft Lead Angle (red)
LAC MACH LAC MACH IN; -- Launch Aircraft Mach
LAC-POS NED(3):- -LAC ALTIN;-- Launch aircraft attitude (feet)
LAC TYPE: LAC TYPEI N;

end SETUP;

procedure PT-STATES(STATES: in VECTOR) is
begin

LAC -POS TNED:STATES( . .3);
end PUT-STATES;

function GET-DERIVATIVES return VECTOR is
begin

DERIVATIVES~l. .3):LAC VEL NED;
return DERIVATIVES;

end GET-DERIVATIVES;

function GET-STATES return VECTOR is
begin

STATEd . .3) :=LAC POS NED;
return STATE;

end GET-STATES;

function LOG DATA return LAUNCHER LOG DATA TYPE is
begin

LOGGED -DATA.REAL VALUE(1):x LAC POS NED(l);
LOGGED -DATA.REAL VALUEC2) : LAC7POSNED(2);
LOGGED DATA.REAL VALUE(3):z -LAC-POS-NED(3);
return -LOGGED DATA;

end LOG-DATA;

function POLECI: in INTEGER) return REAL is
TGT-POS-NED : SUPER VECTORC..3);
begin

TGT P05 NED:zTARGETS. TOT POS;
return 1WAGNITLSE(TGTPOS-NED( I) - LAC POS NED);

end POLE;

function LACPOS return VECTOR is
begin

return LAC-POS NED;
end LACPOS;
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procedure INITIALIZE is
VSS: REAL;

begin
VSS:=ENVIRONNENT.SPEEO OFSOUNOC-LAC-POSEED(3));
LAC -VEL NEDC 1): uLAC MACHN*VSS*COS( LEAD);
LAC VELNED(2):-LAC MACH*VSS*SIN(LEAD);
LACVEL NEDC3):- 0.0;
LACPOSNED(1):= 0.0;
LAC POSjdED(2):= 0.0;

end INITIALIZE;

procedure MSLINITCLAC-VEL,LAC-POSITION :out VECTOR; LAC-GAIN,
LAC TRANS PWR, LAC-BEANWIDTN: out REAL) is

begin
LAC VEL :LAC VEL NED;
LAC7P06 IT ION : LA~C P05 NED;

case LAC TYPE is
when F 14 =>

LAC TRANS -PWR :z32.0; w
LAC GAIN :x 36.5; -- db
LACBEAMWIDTH 2.2; -- deg

when F5 TS=,
LAC TRANS PIJR :26.0; - -

LACGAIN - 36.0; --

LACBEAMWIDTH :z2.3; - deg
when F 18 =>

LAC TRANS PWR :z 25.0; - -

LAC GAIN :z 33.0; -db

LAC78EANWIDTH := 3.4; -- deg
when othrs =>

-- use for 6dof compari son
LAC -TRANS -PWSR := 37.0; -- m
LAC GAIN :z 37.0; db

not an actual value will replace once founid
LAC -BEA4WIDTH := 3.0; -- deg

end case;
end MSL_.INIT;

procedure COM4PUTE is
DIFF : VECTORC..3);
ANGLE : REAL;
LAC -VEL : REAL;
TGT POS NED : SUPER VECTORC..3);

begin
if LAC GUID z PURSUIT then

TGT -P06 NED :- TARGETS. TGT POS;
DIFF:TGT POS NED(1 )-LAC PO0S NED;
ANGLE:zATANCDIFFC2)/DIFFC1 ));,
LAC-VEL :=AGNI TUDECLAC VEL NED);
LAC VEL NEDC 1) :LAC ELCOfCANGLE);
LACVELNWEDC2) :LACVEL*SIN(ANGLE);

en if;-
end COMPUTE;

end LAUJNCHER;

-- missile package

This package contains the procedure calls which will initialize,
setup, compute aid get and put the missile state vector, as well
as calculating the necessary parameters to calculate the state

-vector.
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with MATH; use MATH;
with REAL MATRIX; use REAL MATRIX;
with MODEL TYPES; use MDEL TYPES;

package MISSILE is

ID STRING :string~l..30) := "NPS Missile Flight Simulation *
RUNTIME TITLE : string(l. .42) :

N PS Simulation Runitime Display It;
OUTFILE :string~l..30) :="SIN.OUT H

DATFILE : string(1..30) :~"SIM.DAT
MAIN M EWU TITLE :string(1..60) :=

HNMPS 3-DOF Missile Flight Simulation Main Menu
TITLE -SCREEN LINE :string( ..60) :=

N NPS 3-DOF Air-to-Air Missile Flight Simulation 1

IS-ACTIVE :booLean :z true; -- If true this is an active missile

procedure SETUPC LAUNCH -TYPE-IN: in LAUNCHER -TYPE;
RCS: in VECTOR;
TGT1-IR SIGNATURE: in TGT-IR-SIZE-TYPE;
TGT2-IR RSIGNATURE: in TGT I RSIZE TYPE;
TGT -TiO: in YES NO TYPE;
SOJ ONE: in YES7NO-TYPE;
50.1 Two: in YES7NO TYPE;
ECH POWER: in VECTOR;,
SSJ -ECH TECH: in SSJ E04 TECHNIQUE;
50.1 ECM7 TECH: in 50.1 CN TECHNIQUE);

procedure INITIALIZE;

procedure COMPUTE;

procedure PUT STATESCSTATE: in VECTOR);

procedure MANEUVER-VALUE(TURN ON PARAMETER: in MANEUVER START TYPE;
MANEUVER START-VALUE: out REAL);

function GET-DERIVATIVES return VECTOR;

function GET-STATES return VECTOR;

fungct ion LOG-DATA return MSL LOG DATA TYPE;

function END-CONDITIONS-1NET return booLean;

procedure TERMINAL-CONDITIONS (A POLE OUT, MISS DISTANCE OUT,
TIME OF FLIGHT, ALTITUDE, ROOT: out REAL;
STOP REASON OUT: out STOP CONDI TION TYPE);

end MISSILE;

-- Missile package body

-This package contains the procedure calls which will initialize,
-setup, compute and get and put the missile state vector, as well
-as computing the necessary pareters to calculate the state
-- vector.

with MATH; use MATH;
with MODELTYPES; use MODEL TYPES;
with REAL -MATRIX; use REAL MATRIX;
with LAUNCHER;
with TARGETS;
with AIRFRAME;
with AUTOPILOT;
with ENVIRONMENT;
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with GUIDANCE;
with INTEGRATION;
with KINEMATICS;
with RF SEEKER;
with IR-SEEKER;

package body MISSILE is
MSL -ACC NED :VECTOR( ..3); -- Missile acceleration vector
MSL -VEL NED :VECTC3RC1..3); -- Missile velocity vector
MSL POS NED :VECTORC1..3); -- Missile position vector
LAUNCH -TYPE :LAUNCHER -TYPE;
NTGTS :INTEGER; - Number of targets

*NSOJS : INTEGER; -- Nuber of active stand off jammers
TGTTYP :INTEGER; -Type of target (skin,range deception, etc.)
BORE..SIGHT ERROR:VECTORC1. .4);-- Bore sight errors
NSL DATA NSL LOG DATA TYPE; -- Missile object output record
DERRYV VECTORCI. .6);-,- Derivative array vector
STATE OUT VECTORC..6); -- State variable output vector
TGT -VELOED :VECTOR(..3); .- Target velocity vectors, ft/sec
TGT POS..NED :SUPER VECTOR(1..4); -- Target position vectors, ft
IRAWCORANGE : REAL; -- Range at which IR acquisition is enabled
ANGLE 5F ATTACK VECTOR(1..3); --Missile body angle vector
COEF DRAG :REAL; -. Missile drag coefficient
MSL MAS REAL; -- Missile mass
THRUST :REAL; -- Missile thrust, lbs
NSL -VEL REAL; -- Missile velocity, ft/sec
MSL HEADING-AZ :REAL; -. Missile azimuth heading angle, rad
PITCH REAL; -- Missile pitch angle, red
RANGE VEC-NED : SUPER VECTORC1..4); -- Missile to target range vectors
OMEGA NED : VECTORC1..3); -- Missile to target LOS rates
TGT RANGE : VECTORC ..4); -- Missile to target ranges, ft
RD0OT : VECTORC1..2); -- Missile to target range rates, fps
TINE TO GO : REAL; -- Estimated time to go in flight, sec
RANGE VEC BOD SUPER VECTOR(l..4); --Missile to target one range vector,
GNU ANG SKR :VECTORC1..3); -- Seeker gimbat angle vector, rad
NSL PHASE : RF PHASETYPEI; -- missile phase of flight
RFP- HASE : RF-PHASE TYPE2; -- Phase that RF is in
IR PHASE IR-PHASEJTYPE; - IR phase
PREPULSION -PHASE: PROPUL TYPE;
RAD01ME -OFF : boolean; -- Radome off flag
F POLE : REAL;
A7POLE : REAL;
RANGEJTGT..LAC : VECTOR~ . .4); - - Range from the targets to the

launch aircraft
SHR REAL; -- Signal to noise ratio, dB
MSL AXIAL ACC REAL; -- Missile axial acceleration in body axis
OMEA SKI_ VECTORCI. .3); -- Missile to targets LOS rate vectors
GUID FHASE GUIDANCE PHASE TYPE; - - Guidance phase
ACC C ON BOD VECTORC2. .3); -- Commanded acceleration vector
ACC ACMHBOD : VECTORC1..3); -- Achieved acceleration vector- body

Q : REAL; -- Dynamic pressure
NSL MACH REAL;
STOP REASON STOP CONDITION TYPE; - - Reason simujlation stopped
MISS DISTANCE -NED: VECTORC1..);
MISS-DISTANCE : REAL;
RDOT OLD REAL; -- Range rate value from prior pass

*TIMETO .Gq0D: REAL;
ALTITUDE0OL0 REAL;

procedure SETUPCLAAJNCH TYPEIN: in LAUNCHERTYPE;
RCS: in VECTOR;
TGT IIRSIGNATURE: in TGTI I SIZETYPE;
TGT2-IRSIGNATURE: in TGT IR SIZETYPE;
TGT TWO: in YES NO TYPE;
SOJ ONE: in YES NO TYPE;
SOJ TWO: in YES7NO7TYPE;
ECH.POWER: in VECTOR;
SSJ ECMTECH: in SSJ ECMTECHNIQUE;
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SOJ ECN TECH: in SOJ ECU TECHNIQUE) is
TEM1PECU _POWER: VWCTOR(1..4);

begin
LAUCH TYPE: =LAUMJN TYPE IN;
TEMP -ECH POWER zECkMPOItR;
if TGT TWO - NO then

NTGTS:zl;

e Ne TGTS: =2;
end if;
if SOJ ONE = NO and 50.1 TWO a No then

NSJS:0;-
elsif S0.1 ONE a YES and 50.1 WO =NO then

NSOJS21;
eLsif 50.1- ONE = NO and SOJ TWO =YES then

NSOJS:z1;
TEMP ECU POWERC3) :TENP..ECM POWER(4);

elsif S0.1 ONE - YES and 50.1 TWO = YES than
NSOJS:=3;

end if;
RF-SEEKER .SETUP(NTGTS, NSOJS, RCS, TEM4P ECU POWER,SSJ ECU TECH,

50.1 ECH TECH);
IR SEEKER.SETUP(TGTf1IR SIGNATURE,TGT2-IRSIGNATURE);
KINENATICS.SETUP(NTGTSNSOJS);

end SETUP;

procedure INITIALIZE is
GAIN REAL;
POWER . REAL;
UEAI9JIDTH REAL;

begin
NSL HASS:z/M0;
COEF ORAG:0z. 75;
THRUST:20.0;
ANGLE OF -ATTACK:=(0.0,O.0,0.0);
ACCACHIWO : (0.0,0.0,0.0);
PITCH :a 0.0;
NSL PHASE :=NIDCOURSE;
RF - HASE:=NOU ACTIVE;
IR PHASE :=N0M ACT 1W;
PROPULSION -PHASE: =COAST;
RADO4E OFF:fatse;
0:=2600;
IS ACTIVE:FALSE;
fogr I in l..4 Loop

RANGE TGT LACC ):LAIJNER.POLECI);
TGTRlANGECI):zRANGE-TGT-LAC(I);

end Loop;
A POLE:*RAMGE TGT LAC( 1);
SNR:u1 .0;
TINE TO GO:=500.0;
TARGEFTS.TGT DATACTGT-VEL NED, TGT..yOS NED);
LAUNCHERt.MLINIT(NSL-VEL-NEO,NSL POS NED,GAIN,POWER,

BEAIqWIDTH);
GUIDANGE.INITIALIZE(MSL POS NEDC3),-TGTPOSNED1 )C3),

TGT POSNED(1),TGT VEL NED);
AIRFRAME. INITIALIZE;
AUTOPILOT. NITIALIZE;
RF -SEEKER. INITIALIZECGAIN,POWER,BEAIWIDTH);
IR SEEKER. INITIALIZEC-TGT POS NED(l)C3),-NSL POS NED(3), IR ACQ RANGE);
NSL HEADING AZ:ATANCMSL VEL NED(2)/MSL-VEL-NED( 1));
if LAUCH TYPE z EJECT then

MSL-VEL NEOC3) :-SL-VELNED(3)20.0;
end if;

end INITIALIZE;
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procedure COMPUTE is
ElIB MATRIX(i..3,1..3); -- Inertiat to body direction cos met.
EIS M ATRIX(I..3,1..3); -. Inertial. to seeker dir. cos matrix
ER! : ATRIX(1..3,1..3); -- Transform of ElI
THETA-SKR REAL; -- Seeker pitch angLe, rad
PSI SKR : REAL; -. Seeker yaw angte, rad

begin -- C0OMPUTE
TINE -TO GO OLD:=TINE TO GO;
ROOT OLD:ADOTC 1);

TARGETS. TGT DATA(TGT VEL NED,TGT POS NED);
KINEMATICS.CMTE(HMSL -P06 NED,MSL VEL NED, TGT VEL NED,

TGT P05 NED,RANGE ViC NED ,OMEGANED, TGT RAG,RDOT,
MISDITANCE NED,TlINETO GO,M~ISDISTANCE);

for I in 1..NTGTS Loop
RANGE -TGT -LACCI ):=LAUNCHER.POLE(I);

end Loop;

for I in I.. NSOJS Loop
RANGE TGT LAC( I.2):=LAUNCHER.POLECI.2);

end Loop;-

RF-SEEKER.DETECTION(TGT RANGE,RANGE TGT .AC,RF PHASE,SNR,
TGTTYP,BORE-siGHT -RROR),-

case RF PHASE is
when K_.BAND ACQUISITION

if not IS ACTIVE then
A POLE:zRANGE-TGT-LAC( );
liSACT! VE:=true;

end if;
when others =>

null;
end case;

if TGT RANGEM1 < IR ACO RANGE then
RADOME .OFF:sTRUC,;
IR -SEEKER.DETECTION(TGT-rANGE(1 ),iR PHASE);

end if;

KINEM4ATJCS.DRCOSCCMSL-HEADING-AZ4ANGLE-OFATTACK(3)),PITCH,EIB);

for I in 1..NTGTS Loop
RANGE -VEC - ODC I):=E19'RANGE VEC-NED( I);

end Loop;

for I in 1..NSOJS Loop
RANGE -VEC -BD( 1+2) :z1B*RANGE VEC-NED( 1+2);

end Loop;

RFSEEKER .GIMAL(RANGE VEC BOO UGMO ANG SKE);

PSI SKR:ANGLE OF ATTACK(3).NSL HEADING AZ+GMB ANGSKR(3);
THETA SIR:PITC+GN3ANG-SKRC2);
KINEMATICS.DIR COSCPSI SKR,THETA-SKR,EIS);
OMEGA SICR:sEI37'WIEGA-NED;
GUjiDANmcE.COMPUTE(TIME TO G0,-MSLPOS-NED(3), -MSL-VEL-NED(3),

MSL WI. ACC-ACH SOD (1).*P1TCH, TOT RANGE (1), RDOT (1)
GOMSANG-SKR , OEGA SKR ,GUID PHASE ,ACC CON BOO);

AUTOPILOT.COMTE(ACC CON 800.ACC ACM 900(2. .3));
AATOPILOT.UPOATE DI FF ES;
KINEMATICS.MACHNOC-MSLiPOS NEDC3),NSL VEL NED,MSL MACH);
AIRFRAME.TNRUST(MSL MASS,THRUST,PROPULSiOM-PHASE);-
AIRFRAME.AEROCMSL.MACH,O, RADOME.OFF,

COEF DRAG ,ANGLE OF ATTACK);
KINEMATICS.EOMCMSL POS NED,MSL VEL NEDANGLE OF ATTACK,

149



COEF DRAG,NSL MASS5 THRUST9ACC ACH ODC1 ),
NSL VEL,NSLHEADING AZPITCH,Q);

EBI := TRAJISPOSECEIB);
NSL ACC NED :a EBI * ACC ACH BOO;
NSLACC7NEDC3) :- MSL ACC NED3) + G

end COMPUTE;

procedure PUT STATES(STATE: in VECTOR) is
begin

ALT ITUDE OLD :z-NSL POS NEDC3);
MSL VEL RED: -STATE 1 . .3F);
MSL POSNED:STATEC4. .6);

end PUT STATES;

procedure MANEUVER - ALUE(TURN ON PARAMETER: in MANEUVER START TYPE;
MANEUVER START VALUE: out REAL) is

begin
if TURN ON PARAMETER a FLIGHT TIME then

MANEUVER START VALUE :ZENVIRONMENT .Time;
elsif TURN ONF PARAMETER - TIME REMAINING then

MANEUVER JSTART VALUE:=TINEFTO GO;
etsif TURN ON PARAETER z RANGEF T6OGO then

MANEUVER STR AU:G AG~)IFEET PER NMI;
end if;

end MANEUVER VALUE;

function GETDERIVATIVES return VECTOR is
begin

DiR! V(1. .3) :NSL -ACC -NED;
DERIV(4. .6) :-SL -VEL -NED;
return DERIV,*

end GETJDERIVATIVES;

fun~ct ion GET-STATES return VECTOR is
begin

STATE OUT1. .3):=NSL VEL NED;
STATE7OUT(...6) :MSL POS NED;
return STATE -OUT;

end GET-STATES;

function LOG-DATA return MSL LOG DATA TYPE is
begin

MSL -DATA.REAL VALUE( ):x MSL POS NED1);
NSL -DATA.REAL~VALUE(2) : MSL7PONED(2);
MSL -DATA.REAL -VALUE(3) :-I4SL POS NEDC3);
NSL DATA.REALVALUE(4):zRANGl TGTLAC( 1;
msL7DATA.REAL -VALUE(S) :UNSLVEL;
MSL-DATA.REAL-VALUE(6) :zSL-HEADING-AZ*RAD-TO-DEG;
MSL -DATA.REAL -VALUIE(7) :wITCH*RAD -TO -DEG;
NSL DATA.REAL VALUlE(8) :wSL MACH;
MsLDATA.REAL-VALUE(9):uTGT-RANGEC1);
MSL -DATA. REAL VALUEC 10) :RDOT0();
NS AARA VLEl)mIET GO;
MSLDPATA.REAL -VALUE(12. 14):W N SK*A ODG
NSL DATA.RtEAL-VALUE(15. .16):CNEA 5KRC2. .3);RAU-TO DEG;
MSLDATA.REAL VALUE(17) :a-MSL VEL NEDC3);
msLDATA.REAL-VALUE(18. .19) :-ACC - GM -BOO;
NSLDOATA.REAL-VALUE(20. .22) :ACC ACH SOD;
MSL -DATA. REAL -VALUE(23) :NSL MASS;
MSL -DATA.REAL VALUIE(24) :THRUST;
MSL -DATA.REAL~VALUEC25. .27) :=ANGLEOF-ATTACK*RAD-TO-DEG;
M4SL -DATA.REAL -VALUE(28) :aSR;
MSL DATA .REAL VALUE(29) :-OEF DRAG;
MSL DATA. REAL VALUE (30): REAL(TGTTYP);
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NSL -DATA.REAL VALUEC31 ..3.): :BOR E SIGHT ERROR;
NSL -DATA.GJIDANCE -PHASE :- GUID PHASE;
NSL1DATA.RF-PHASE-1 :a NSL PHASE;
MSL-DATA.RF PHASE?2 := RF-PHASE;
MSL DATA.IR PHASE := IR-PHASE;
MSL DATA.RADOME OFF :a RADOME OFF;
MSL DATA.PROPULSION PHASE :=PROPULSION PHASE;
return MSL -DATA;

end LOG DATA;

function END CONDITIONS MET return bootean is
begin

if absCGWANGSKR(2)) -0O.95993 then -- Azimuth gimbal angle
STOP REASON :EL GIMBAL;
return true;

elsif absCWIBANGSKR(3)) - 0.95993 then -. Elevation gimbal angle
STOP REASON :AZ GIMBAL;
return true;

eLsif abCWIB4ANGSKRC1)) -= 0.95993 then -- Total gimbial angle
STOP REASON :TOTAL GIMBAL;
return true;

etsif ENVIRONM4ENT.TI14E >7.0 and RDOT(1) >~0.0 then
if MAGNITUDEO9SL -P05 NED) - MAGN1TlADE(TGT POSMNEDI 1)) then

STOP REASON:=CROSSOVER;
else

STOP -REASON :zANGE RATE;
end if;
return true;

elsif -MSL-POS NED(3) <= 0.0 then -- Altitude
STOP REASON: H T-GROUND;
return true;

elsif ENVIRONMENT.TIME -2 500.0 then
STOP -REASON :zA T IME OFFL IGHT;
return true;

else
return false;

end if;
end END CONDITIONS MET;

procedure TERMINAL-CONDITIONS (A POLE OUT, MISS DISTANCE-OuT,
TIME OF FLIGHT, ALTITUDE, RDOT: out REAL;
STOP REASON OUT: out STOP COUDI TION TYPE) is

TEMP: REAL;
begin

A POLE OUT :z APOLE;
RdOT:;RDOT OLD;
STM' REASON OUT :z STOP REASON;
if STOP REAON CROSSOVER then

MIi SD ISTANCEOUT :zMI SS DISTANCE;
TIME OF FLIGHt:xENVIRONMT.TIME- INTEGRATION.STEP SIZE.

T IME-TO 0 O OLD;
ALTITUDE:*ALTITUDE-OLD,(C.MSL-POS-NED(3)-ALTITDE-OLD)-

TIM4E TO GO OLD/INTEGRAT ION .STEP SIZE);
else

MISS DI STANCEjOUT :uTGT RANGEOC);
TIME OF FLIGHT :=ENVIRONMENT .TIME;
ALTITUDE-MSI.POS-NEDC3);

end if;
end TERMINAL-CONDITIONS;

end MISSILE;

-Airframe procedure.

-These procedures consist of routines for the aero
*and thrust models.
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with MATH; use MATH;
with MODEL TYPES; use MODEL TYPES;
with REAL-MATRIX; use REAL MATRIX;

package AIRFRAME is

procedure INITIALIZE;

procedure AEROCMSL -MACH,Q: in REAL;
RADONE IOFF: in bootean;
COEF -DRAG: in out REAL;
ANGLE OF ATTACK OUT: out VECTOR);

procedure THRUST(MSLMKASS,THRUST: out REAL;
PROPULSION PHASE CUT: out PROPULTYPE);

end AIRFRAME;

-- Airframe procedures

-These procedures consist of routines for the aero and
-thrust models.

with MATH; use MATH;
with MODEL-TYPES; use MODEL TYPES;
with REAL MATRIX; use REAL-MATRIX;
with ENVIRONMENT;
with INTEGRATION;
with AUTOPILOT;

package body AIRFRAME is

TIME-BOOSTER: constant :x 4.00;
T BOOST INIT: constant :z0.0; --1.0;-- time before booster ignited
MS~LMASS DRY: constant :=300.0;
ROCKET MASS INIT: constant := 100.0;
PROPULSION -PHASE: PROPUL -TYPE;
ACC ACH: VECTORC2. .3);
BOOST AFUEL -RATE, EXP DECAY: reat;
MSLMASS, ROCKET-MASS: real;
ANGLE OF ATTACK: VECTOR(..3);

procedure INITIALIZE is
begin

MSL MASS := MSL MASS DRY + ROCKET MASS INIT;
PROPLSION -PHASE := COAST; --initiaL coast before booster ignition
BOOST FUEL RATE :- ROCKET MASS INIT/(REAL(INTEGER
(CTIME .OOSTER/INTEGRATIONSTP.SIZE) + 0.5)) - INTEGRATION.STEP SIZE);

end INITIALIZE;

procedure AERO(MSLM1ACH,Q: in REAL;
RADOME OFF: in bootean;
COEF DRAG: in out REAL;
ANGLE OF ATTACK ODUT: out VECTOR) is

CD ZERO,CDI NOUCED ,AOA-ALPHA,
ACF3-ETA,AOA TOTAL: REAL;

begin
- - compute ADA
ACC-ACH := AUTOPILOT.ACCELERATIONS;

152



AOA-ALPHA := -2.09 * ACC ACHC3 / 0;
if abCAOAALPHA) > 0.5236 then

AOA -ALPHA :a SIGM(AOA-ALPHA) * 0.5236;
end if;
AOA BETA := 2.09 *ACC ACHC2) IQ;
if absCAOABETA) 0.5236 then

AOA BETA :=SIGN(AOA-BETA) *0.5236;
end if;
AOA TOTAL := SQRT(AOA-ALPHA * AOA ALPHA + AOA BETA *AOA BETA);
ANGLE OF ATTACK(1) := AGA TOTAL;
ANGLE OF ATTACK(2) :aAQAALPHA;
ANGLE OF ATTACK(3) :2ADA -BETA;
ANGLE OF ATTACK OUT 2ANGLE OF ATTACK;

-- compute drag coefficient
if MSL MACH <1.2 then

CD ZERO := 0.75 * MSL M4ACH - 0.02;
elsif iSL 14ACH -z 1.2 and MSL MACH -c1.8 then

CD -ZERO 2.346 - MSLMA4CH * ((1.346-0.253 N SL MACH) * SL-MACH-2.472);
etse

CD ZERO 21.3 * EXP(-O.287 * MSL MACH);
end if;
--101 increase after IR dome is removed
if RADOME OFF then

CD ZERO :1.1 *CD ZERO;
end if;
CD INDUCED :7.0 * CAOA-TOTAL**2);
COEF DRAG 0.97 * £0 ZERO + CDINDUCED;

end AERO;

procedure THRUST(MSLMKASS,THRUST: out REAL;
PROPULSIC -PHASE OUT: out PROPULTYPE) is

THRUST-BOOST: constant := 11000.0;

begin
if ENVIRONNENT.Tfme < T BOOST INIT then

PROPULSION PHASE := -COAST;
THRUST :z 0.0;
MSL-MASS := MSL MASS-DRY + ROCKET MASS;

eisif ENVIRONNENT.Time <= TIME -BOOSTERF + T BOOST INIT then
PROPULSION PHASE :* BOOST;
THRUST :z THRUST BOOST * TIME BOOSTER/(REAL(INTEGER((IME BOOSTER/

INTEGATION.STEP -SIZE) - 0.5)) * INTEGRATION.STEP SIZE);
ROCKET MASS :x ROCKET M4ASS [NIT - BOOST FUEL RATE * ENVIROMENT.TIME;
MSL MASS :- MSL-MASS -DRY 4 ROCKET-MASS;-

etsif ENVIRONMENT.Time > TIME -BOOSTER + T BOOST INIT then
MSL M4ASS := MSL 1MASS DRY;
PROPULSION PHASE &=CAST;
THRUST :z 0.0;

end if;
PROPULSION PHASE OUT :PROPULSION-PHASE;

end THRUST;

* end AIRFRAME;

-'Autopilot Specification

-These procedures consist of routines for modelLing the autopilot.

with M4ATH; use MATH;
with 1MEL TYPES; use MODEL TYPES;
with REAL-MATRIX; use REAL MATRIX;
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package AUTOPILOT is

procedure INITIALIZE;

procedure UPDATE DI FF-EQS;

procedure COMPUTE(ACC-COSGANDED: in VECTOR; ACC-ACHI EVED: out VECTOR);

function ACCELERATIONS return VECTOR;

end AUTOPILOT;

-- Autopitot Package

These procedures consist of routines for modelting the autopitot.

with MATH; use MATH;
with MODEL TYPES; use MODEL TYPES;
with ENVIRONMENT;
with INTEGRATION;
with REAL-MATRIX; use REAL-MATRIX;

package body AUTOPILOT is

AP -AT FRED constant := 0.80; - - Hertz
AP -DAMP RATIO :constant :- 0.75;
AP '-C1, XP..C2, AP C3 :REAL;
ACC CON. ACC-ACHI, ACC-ACH VECTOR(2. .3);

procedure INITIALIZE is
begin

AP-CI := 2.0 * EXP(-AP DA14P RATIO * AP NAT FRED * 2.0 * PI
INTEGRATION.STEP SI1ZE) *COS(APNATFRED * 2.0 * PI *
INTEGRATION.STEP-SIZE *SQRT(1.O - AP-DANP-RATIO*2));

AP-C2 :z -EXPC-2.0 * AP DAMP RATIO *AP NAT FRED 2.0 * PI
INTEGRATIOM.STEP SIZE);

AP -C3 := 1.0 - AP C1 - AP C2;
ACC ACH :- (0.0.,0.0);
ACCACH 2 :=(0.0,0.0);

end INITIALIZE;

procedure UPDATE DIFF EQS is
begin

ACC ACH(2) :=AP-C1'ACC-ACH(2) + AP-C2*ACC-ACH-2(2) + AP-C3ACCCOM(2);
ACCACH(3 : AP C1'ACC-ACH(3) + AP-C2*ACC-ACH-2C3) + AP-C3*ACC-COM3);
ACC-ACH-2:zACC IACH;

end UPDATE DIFF EGS;

procedure COMPUTE(ACC-CO64ANDED: in VECTOR; ACC-ACHIEVED: out VECTOR) is
begin

ACC-COM:=ACC COMM4ANDED;
ACC ACHIEVED: ACC-ACH;

end COOMTE;

function ACCELERATIONS return VECTOR is
begin

return ACC-ACH;
end ACCELERATIONS;

end AUTOPILOT;
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O F Seeker package

This package is the governing routine which estimates RF
-acquistfon times. Seeker calculates a missile seeker gimbal angles.
-It will be assumed that the antenna point directly along the LOS vector.

with MATH; use MATH;
with MODEL TYPES; use MODEL TYPES;
with REAL MARIX; use REAL MATRIX;

package OF-SEEKER is

procedure SETUP(NN OF TGTSJ NIT,
NUM-OFSOJSINIT: in INTEGER;
Rtcs-iT in VECTOR;
EC4 POWER INIT: in VECTOR;
SSJ ECH TECH IN! T: in SSJ ECH TECHNIQUE;
SOJ ECMWTECHrI NI T: in SOJ ECMTECHNIQUE);

procedure INITIALIZE(LAC GAIN IN,
LACTRAS PWR IN,
LACEBEAMIDTHF IN: in REAL);

procedure GIMBAL(RANGEVEC-BOD-INIT: in SUPER-VECTOR;
GIMBAL-ANGLE : in out VECTOR);

procedure DETECT ION(TGT RANGEIN,
RANG!E TGT LAC IN: in VECTOR;
RF PHASE OUT:- out OF PHASE TYPE2;
SNI OUT:- out REAL;

TGTTYP 0 L-: out INTEGER;
BSE OUT: out VECTOR);

end RF-SEEKER;

-RF-Seeker package

*This package is the governing routine which estimates OF
-acquistion times. Seeker calculates a missile rf seeker gin*bal angles.
-It will be assumed that the antenna points directly along the LOS vector.

with MATH; use MATH;
with MODEL TYPES; use MODEL TYPES;
with REAL MATRIX; use REAL MATRIX;
with ENVIRONMENT;

package body RF-SEEKER is

OF -PHASE : RF-PHASE-TYPE2;
LAC -TYPE : AIRCRAFT TYPE;

*SEL TGT : GUID -SELECTION TYPE;
SSJ EON -TECH :SSJ -ECM TECHNIQUE;
SOJ ECNTECH : SOJ ECM4 TECHNIQUE;
RCS7 : VEC-TORC..2);
ECNM-POWJER : VECTORi..'.);
SNR : REAL;
K -ACO TIME : REAL;
X ACQ TIME : REAL;
LAC -TRANS -PWR: REAL;
LAC -GAIN : REAL;
LAC -EAIWIDTH: REAL;
TGT -RANGE : VECTO(..4);
RANGE TGT LAC: VECTORCI...);
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MU OF TGTS :INTEGER;
NIMOF-SOJS INTEGER;
RANGE VEWC -BOO: SUPER VECTOR(I. .4);
SELTGT :INTEGER;
TGTTYP :INTEGER;
SSE :VECTOR(I. .1);
TGT POWER : VECTOR(..2);
REPEAT POWER :VECTOR..2);
NOISE POWER : VECTORC..4);

procedure SETUP(NtUM._OF TGTS INIT,
MUMl OF SOJS EMIT: in INTEGER;
RCSjMIT: - in VECTOR;
ECPLPOWERINIT: in VECTOR;
SSJ ECH TECH [MIT: in SSJ ECN TECHNIQUE;
SOT ECIWTECWN IIT : i n SOT ECW TECHM IQUE) i s

begin
RCS :z RCS EMIT;
SSJJECN TECH SSJ -ECH TECHEMIT;
SOJ ECTECH SOJ ECO TECH IMIT;-
Ed POWR :- ECH POWER TWIT;-
N~kMOF TGTS :zU" OF TGTS EMIT;
NW O0F SOJS :z NUOF SOJS71NIT;

end SETUP;-

procedJure IMITIALJZE(LAC GAIN IN, LAC TRANS PWR IN,
LAC-BEAMWIDTH IN: in REAL) is

begin
KACQTINE:z -10.0;
X ACQTIME:= -10.0;
SNR:u -140.0;
RFPHASE:= MON ACTIVE;
LAC GAIN:zLAC GAIN IN;
LAC TRANS PWR : LAC TRANSPW IN;
LAC BEAIWIDTH :LAC BEAMWlIOTH IN;
TGT POWER :- (-2050,-200.6O);
REPEAT POWER :(-200.0,-200.0);
NOISE POWER ( -200.0,-200.0,-200.0,-200.0);
SELT6T:n 0;
TGTTYP:z 0;
BSE :z C0.0,0.0.0.0,0.0);

end INITIALIZE;

procedure GIMSALCRANGE VEC O INIT : in SUPER VECTOR;
GIBAL ANGLE -in out VECTOR)-is

begin
RANGE VEC-BOO: = RANGE VEC BOO lIT;
if SELTGT a 0 then

SELTGT :m 1;
end if;

if RANGE VECUBOD(SELTGT)(1) - 0.0 then
GIPIAL ANGLE(3) :- ATAN(RAGEVECBO(SELTGT)(2)/

RANGE VEC 300(SELTGT)(3));
GIMBAL -ANGLEC2) :ATAN(-RANGE VEC BODSELTGT)(3)/.OO1);
GIMBAL ANGLE~i) :ACOSCCOS(GliBAL-AMGLEC2))'COSCGINBAL-AMGLE(3)));

etse
GIMBAL-AMGLE(3) :~ATANCRANGE VEC 'BOD(SELTGT)C2)/

SQRT(RANGEECGO(SLTGT)( )'2RANGE VEC S(SELTGT)(3)*2));
GISAL-ANGLE(2) :a ATANC-RANGE-VECSOO(SELTGT)(3)/-

RANGE VEC SOO(SELTGT)(1));
GIMBAL -ANGLE~l) :* ACOS(COS(GIHBAL-ANGLE(2))*COSCGIMBAL-ANGLE(3)));

end if;
end GIMBAL;
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procedure BORESIGHT ERROR in
begin

BSE(SELTGT) := GAUSSIAN(0.0,0.1);
for I in SELTGT+1..NUN-OF-TGTS Loop

if RANGE VEC SODOM() a 0.0 then
BSE(T) 0.0;

etse
BSEC M : ACOS(DOT -PRODUCT(RANGE VEC BOD(SELTGT),RANGE VEC-BOD( I))I

(M4AGNi TUDECRANGE VECB0D(SELTGT ) )
MAGNITUOE(RANGE-VEC-BO(I ))));

end if;
end Loop;
-- CaLcuLate the boresight error targets Less than the seLected target
for I in l..SELTGT-1 Loop

if RANGE VEC BOD(I)(1) = 0.0 then
BSECI) :0.0;

etse
BSE(I : ACOS(DOT PRODUCT(RANGE -VEC -BOD(SELTGT),RANGE VECUBOCCI))I

(MAGNdITUDE(RANGE VEC B(SELTGT))*
NAGNITUIDECRANGE VEC SD(I ))));

end if;
end Loop;
for I in SELTGT+1..NUMOF-SOJS Loop

if RANGE VEC SW(1)(1) z0.0 then
BSE(I) :0.0;

eLse
BSE(I ACOS(DOT PRODUCT(RANGE VECB(SELTGT),RANGE VECRBOOCI))/

(MAGNFTUD)E(RANGE VECSOD(SELTGT ) )
MAGNTUDE(RANGEVECB())));

end if;
end Loop;
- CaLcutate the boresight error targets less than the setected target

for I in 1..SELTGT-1 Loop
if RANGE VEC SOD()( = 0.0 then

BSECI) :20.0;

eL se
ISEMI ACOS(DOT -PRODUCT(RANGE-VEC-B(SELTGT),

RANGE VEC 100(1+1))/(AGNITUIDE(RANGE VEC BOD(SELTGT))*
MAGNITUDETRANGE-VEC-B(141 ))));

end if;
end Loop;

end BORES GHlT ERROR;

procedure NSL ANT GAINS SA (USE: in REAL; SUN-GAIN,DELTA GAIN: out REAL) is
ABS - SE: REAL;
Si: REAL;

begin
ABS USE := ABSCUSE);
if ABS USE - 38.0 then

51 :x 35.0*((ABS(COSCBSE*ABS-BSE)))**0.7).13.0;
if ASS SSE >30.0 then

51 -= Sl+ (ABS BSE-30.0)*0.625;
end if;

eLse
Si :u14.6*EXP(-(ASBSE38.0)/30.0).25.0;

end if;
SUIM GAIN :x1;
if ASS USE -= 20.0 then

DELTA GAIN:231 .OSQRT(SIN(ABS BSE*7.66)). 13.0;
etse

DELTA GAIN:=7.82+25.0*EXP(-(ABS-BSE20.0)/30.0)-25.0;
end if;

end MSL ANT GA NS-SA;
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procedure NSL ANT GAINS A (SSE: in REAL; Stlm GAIN.DELTA GAIN: out REAL) is
ABS - SE: REAL;
Si: REAL;

begin
ABS USE := ADS(BSE);
if ABS SSE -u 38.0 then

Si-:= 46.0*CCABSCCOSCBSE*ABSSBSE)))**O.7).13.O;
if ASSUSE > 30.0 then

Si :z S1+ (ABS BSE-30.0)*O.625;
end if;
else

Si :=14.6*EXP(-CABS-BSE-38.O)/30.0).25.0;
end if;
StN GAIN:=S1;
if ABS USE - 20.0 then

DELTA GAIN:=31 .O*SRTCSIN(ABS-BSE*7.66)).13.0;
else

DELTA GAIN:=7.82+25.0*EXP(-CABS-BSE20.0)/30.0).25.O;
end if;

end NSL ANT GAINS-A;

procedure SA POWERS is
LOOP-GAIN, ERPO, NSL GAIN, DELTA-GAIN : REAL;

begin
for I in 1..NUM OF TOTS Loop

MUL -ANT GAINS -SA(BSE(I),MSL GI,DELTA GAIN);
TGT-POWERCI := -53.0. LACTfRANSPR+LACGAINeNSL-GAIN+1O.O'Log(RCS(l))

-20.O'log(RANGE-TGT-LAC(M)
.20.0*tog(TGT-RANGE( I));

case SSJ IECKNJECHMI is
when REPEATER ->

LOOP GAIN := ECNPOWERCI;
REPEAT POIER(I) :=-84.0 + LAC TRANS PWR + LAC-GAIN +
MSLGAIN*LOOP GAIN.20.O*tog(RANGE-TGT-LACC I))-
20.O'Log(TGTRANGE( I));

when BARRAGE-NOISE -
ERPO :z ECK POWERCI;
NOISE PVIJER(I) :- -78.2 + LAC TRANS PW + LAC GAIN

NSL GAIN + ERPO - 20.Oltog(GT-RANGEMI);
when others x>

nutl;
end case;

end loop;

if WI OF SOJS /z 0 then
for IFin i..NtJNOF SOJS loop

NISLANT.GAINS.SA(BSEC I*2),M4SL GAINDELTA GAIN);

case SOJ ECM TECHMI is
wen ARRAGE NOISE u

ERPO:wECR PMIR( 1+2);
NOISE POiR( 12) :z.88.04ERPD+MSL-GAIN.20.O*LOG(

TGT-RANGE( 142));
when others *

NOISE POWER( 1+2):z-166.O;
end case;

end loop;
end if;

end SA-POJERS;

procedure SA-DETECT is
THERM NOISE-FLOOR : conkstant:x-166.0; -- in ck/fitter
FALSE -ALAR"_3HRESHOI.D : constmnt:=6.0; .. in d~b
NOISE THRESHOLD : constant:48.0; - in db
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begin
SAPOERS;
if NLUN OF TGTS = 1 then

if TGT -POWER(1 >= REPEAT POWER(1) and TGT POIJER0i) >= NOISE POIJER(i)
then

SNR := TGT-POWERM1 - THERM NOISEFLOOR;
if TGT POWERMi > THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT 1;
TGTTYP 3;

else
SELTGT 0;
TGTTYP 0;

end if;
etsif REPEAT POWER~l) > TGT POWEROi) and
REPEAT POWER1i) > NOISE POWR0i) then

SNR :- REPEAT POWER11) - THERM4 NOISEFLOOR;
if REPEAT P6WR~i) > THERM-NO71SE-FLOOR + FALSE-ALARM THRESHOLD then

SELTGT := 1;
TGTTYP 22;

else
SEL1GT 0;
TGTTYP 0;

end if;
el se

SNR := NOISE POWER(i) - THERM NOISE FLOOR;
if NOISE POWER(2> THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :1;
TGTTYP 2;

else
SELTGT :0;
TGTTYP :0;

end if;
end iff

elIse
if TGT -POWERM1 >= TGT POWERM2 and TGT-POWERC1) - REPEAT POWERM2
and TGT -POWER(1) >= REPEAT POW.ER(1) and TGT POWEROi) -2 NOISE POWERM1
and TGT -POWER(1 >= NOISE POWER(2) then

SNR :- TGT POWER(l) - THERM NOISEFLOOR;
if TGT POWR0i) > THERMNHOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :~1;
TGTTYP :23;

else
SELTGT :0;
TGTTYP :20;

end if;
etsif TGT POWERM2 > TGT POWERMi and TGT-POWER(2) >2REPEAT POWER(2

and TGT POWERC2 >- REPEAT POWER~l)
and TGT '-POWER(2) >= NOISE POWERMi
and TGT POWERM2 - NOISE .POWER(2 then

SNR :- TGT POWERC2) -THERM NOISEFLOOR;
if TGTPOWER(2) > THERMNOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :2;
TGTTYP :3;

else
SELTOT :20;

TGTTYP 20;

end if;
eLsif REPEAT POWER(2) > TGT POWEROi) and REPEAT POWER(2)>TGT POWER(2)

and REPEAT.POWER(2)>REPEAT POWER(1 and REPEAT POWER(2)>NOISE.POWER(l)
and REPEAT POWER(2) >NOISE POWER(2 then

SUR :: TREPEAT POWER(2) - THERM NOISEFLOOR;
if REPEAT POWERM2 > THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :2;
TOTTYP :2;

elso
SELTGT :0;
TOTTYP :0;

end if;
elsif REPEATPOWER(i) > TGTPOWER(i) and REPEAT POWER(1) > TGTPOWER(2)
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and REPEAT -POWER(1 )'REPEAT POdERC 1) and REPEAT POIIER( 1)'JdOlSE.POWERC 1)
and REPEAT POIJER(1) >NOISEyPOWER(2) then

SNE :x REPEAT POWiEROi) - THERM NOISE FLOOR;
if REPEAT POIJERO) > THERNM OISE FL7OR + FALSE-ALARM -THRESHOLD then

SELTGT 1;
TGTTYP :2;

else
SELTGT :0;
TGTTYP :0;

end if;
etsif NOISE POWER(1)>TGT POERC1) and NOISE POIJER(I)>TGT POWERC2)

and NOISE -POWER~l) > REPEAT POIJER~l)
and NOISE POWER( REPEAT POhIERM2
and NOISE -POIJER(i) 'NOISE POWERM2 then

SNR :z NOISE POWEROi) - THERMNOISE_FLOOR;
if NOISE POWEROi) ), THERM NOISEJFLOOR + FALSE ALARM THRESHOLD then

SELTOT :- 1;
TGTTYP :2;

else
SELTGT :0;
TGTTYP :20;

end if;
else

SNR := NOISE PCIJER(Z - THERM NOISE FLOOR;
if NOISE POWERM2> THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :2;
TGTTYP :22;

else
SELTGT :u0;
TGTTYP :20;

end if;
end if;

end if;

- - determine if the soj power is detectable
for I in 1..NUJMOF-SOJS loop

case SOJ ECM TECHMI is
when -BARGE NOISE =>

if TGT -06WER(I) >THERMNVOISE FLOOR + FALSE ALARM THRESHOLD
and TGT POIJERMI > NOISE POWERCI then

null;
elsif NOISE-POWERM ) THERM NOISEFLOOR +

FALSE ALARM THRESHOLD then
SELTGT :1;
TGTTYP ::1;
SNR := NOISE POIJERMI - THERM-NOISEFLOOR;

else
SELTGT :1;
TOTTYP :~0;

if TGT POIJERMI) NOISE POWERMI then
SNR : TOT PGMJRCI) - THERM NOISEFLOOR;

else
SNR :~NOISE POWERCI) - THERM NOISEFLOOR;

end if;
end if;

when others a
SELTGT *1
TGTTYP :~0;
SNA :z TOT POWERMI - THERM NOISEFLOOR;

end case;
end loop;

end SA-DETECT;

procedure SA MODE is

X-ACQ DELAY : CONSTANT := 5.0; -- X bend acq to track delay time
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begin
case RF PHASE is

when MIDCOURSE INCH ACTIVE =>
if SELTGT = 1 or SELTGT z2 then

RF PHASE:=x BAND ACQUISITION;
ifl AC TIME = -10.0 then

X AC50TIME:4NVIRONMENT .Time;
end if;

end if;
when XBRAND ACUISITION =>

if ENVIRONMENT.Time -~ X ACOTIME+X-ACQ-DELAY then
RF-PAE=-ADTiC;

end if;
when others ~

nuLL;
end case;

end SA-MODE;

procedure A-POWJERS is

THERM NOISE-FLOOR :CONSTANT := -150.0; -- in db/fiLter
MSL POIER :CONSTANT :=30.0;
LOOP -GAIN :REAL; -- in db
ERPO : REAL; -- in db
MSL GAIN, DELTA-GAIN : REAL;

begin
for I in 1. .NUM OF TGTS Loop

MSL -ANT GAINS A(BSECI ),MSL GAIN,DELTA GAIN);
TGT-POJER(I) -=-63.45+ ML-POWER4.2.O*-MSL-GAIN,10.0*LOG(RCS(I))-40.0-

Log(TGT-RANGE( I);

case SSJ ECM TECH(I) is
when REPEATER =>

LOOW GAIN := ECX PM~'R(Z);
REPEAT POWERCI) := -105.0 +LAC TRANS PIJR +LAC-GAIN +MSL GAIN +

LOOP-GAIN 7 40.0*-Log(TGT-RANGECI));
when BARRAGE-NOISE =>

ERPO := ECK POWER([);
NOISE POWERCIl) :=-88.65 + LAC TRANS PIJR + LAC-GAIN + MSL GAIN

+ ERPD - 20.O*logCTGT-RANGECI));
when others =>

nuLL;
end case;

end Loop;
if NUM OF SOJS /a 0 then

for I- in 1..NUM OF SOJS Loop
MSL ANT GAINS A(USEC I.2),MSL-GAIN,DELTA GAIN);

case SOJ ECM TECHMI is
wen BARRAGE NOISE =>

ERPO:zEON-POIJER( 1.2);
NOISE POWER(I+2):=.100.0.ERPDMSL-GAIN.20.0*LOG(TGT-RANGE(1,2));

when others =;,
NOISE POWER( 1.2):= THERM NOISEFLOOR;

end case;
end Loop;

end if;
end A-POWERS;

procedure A-DETECT is
THERM NOISE FLOOR :CONSTANT :x -150.0; -- in db/fitter

-assume a 1000 hz/fitter BW
FALSE -ALARM -THRESHOLD :CONSTANT :m 6.0; -- in db
NOISE-THRESHOLD : CONSTANT := 8.0; -. in db

beg in
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-Calculate Power Levels
A POWERS;
if NIM OF TGTS z 1 then

ffTOT -POIWER(1) > REPEAT POWER(l) and TGT POWER(l) > NOISE POWER(1) then
SNR :- TGT-POWER(1) THERM NOISE FLOOR;
if TGT POWERMi > THERM NOISE FLOOR + FALSE-ALARM THRESHOLD then

SELYGY 1;
TGTTYP :5;

end if;
elsif REPEAT POWER(1)>TGT POWER~i) and REPEAT POWER(1)$E OISE POWER(1) then

SNR :- REPEAT POWER(1) - THERM NOISEFLOOR;
if REPEAT POWERC) >THERM-NOI7SE-FLOOR + FALSE ALARM THRESHOLD then

SELTGT :1;

TGTTYP :24;

end if;
else

SNR := NOISE POWER(i) - THERM NOISEFLOOR;
if NOISE PGIJER(2) > THERNMISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :1;
TGTTYP :4;

end if;
end if;

else
if TGT POWERM > TGT POWER(2) and TGT POWER~l) > REPEAT POWER(2) and

TOT -POWER~i) > REPEAT POWER~l) and TGTPOUER(1) > NOISE POWCR(1) and
TGT POWER~i) >NOISE PhWE R(2) then

SNR := TGT POWER(i) - THERM NOISE FLOOR;
if TGT POkER~l) > THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :1;
TGTTYP :4;

end if;
etsif TGT POWERM2 > TOT POWERMi and TGT POWER(2 > REPEAT POWER(2 and

TGT -P6WERC2) > REPEAT -POWER~l) and TGT-POWER(2) > NOISE7POWER(l) and
TGT POWERC2) > NOISE PO61ERC2) then

SNR :z TGT POWER(2) - THERM NOISEFLOOR;
if TGT PoWER2) >THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTT 2;
TGTTYP 5;

end if;
elsif REPEAT POWERC2 > TOT POWEROi) and REPEAT POWER(2)>

TGT -POWER(2) and REPEAT POWdERC2)>REPEAT PObER~i) and
REPEAT -PWE22NOSE-PERC1 and REPEAT-POWERC2) > NOISEyPOWER(2)
then

SNR := REPEAT PaOdERM2 - THERM NOISEFLOOR;
if REPEAT -POWR(2) > THERM Nd-ISE FLOOR + FALSE ALARM-THRESHOLD then

SELTGT :z 2;
TGTTYP :z 4;

end if;
eLsif REPEAT POWER0i)>TGT POWER~l) and REPEAT POWER(1 )>TGT-POWER(2)

and REPEAT POWERC1)>iREPEAT PO.JER(1) and
REPEAT -POWER(1)$EOISE-POWERMI andi REPEAT POWERCI) > NOISE POWER(2
then

SNR :z REPEAT POIJER~l) - THERM NOISEFLOOR;
if REPEAT PMWR~l) > THERM NOISE FLOOR + FALSE-ALARM THRESHOLD then

SELTGT :1;
TGTTYP :4;

mnd if;
eisif NOISE POIER1)>TGT POWERCI and NOISE POWER(1),TGT POW.ER(2)

ad NOliE-POJER(1)>REPEATPOJER(1) and NOISE POWER~li
NOISE POWER~l) and NOISE POWER~i) >NOISE POWER(2) then

A :- NOISE POWER~i) - THERNMNOISE FLOOR;
if NOISE POiER~i) > THERNMISE FLOOR + FALSE ALARM THRESHOLD then

SELTZT :z 1;
TGTTYP := 4;

end if;
else

SNR := NOISE POWdER(2) - THERM NOISEFLOOR;
if NOISE POWERM2> THERNMNOISE FLOOR + FALSE ALARM-THRESHOLD then

SELTOGT :a 2;
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TGTTYP :x 4.;
end if;

end if;
end if;

-- determine if the soj power is detectabte
for I in 1. .NUM-OF-SOJS Loop

case SOJ ECN4TECHMI is
wenBARRAGE NOI SE z>

if TGT -PaJER(I) > THERM NOISE FLOOR + FALSE ALARM THRESHOLD and
TGT1POERCI) > NOISE POIJERC) then

nutl;
etsif NOISE-POER(I> THERM NOISE FLOOR + FALSE ALARM THRESHOLD then

SELTGT :z1;
TGTTYP :=1;
SNR :=NOISE POWERCI) - THERM NOISEFLOOR;

eL se
SELTGT 1;
TGTTYP 0;
if TGT POWER(!) > NOISE POWER(I) then

SNR :=TGTPOJER(I) - THERM NOISE FLOOR;
eL se

SNR zxNOISE PMI~ER(I) - THERM NOISEFLOOR;
end if;

end if;
when others z>

SELTGT :=1;
TOTTYP :=0;
SNR :=TGT POWERCI) - THERM NOISEFLOOR;

end case;
end Loop;

end A-DETECT;

procedure A-MODE is
K-ACO-DELAY :CONSTANT:= 5.0;

begin
case RF PHASE is

when X -BAND TRACK: NON ACTIVE =>
if TGTT*YP i n 4. S5 then

RF IPHASE:kband acquisition;
if K ACO TIr -10.0 then

K ACi TIME:4NVIRONMENT .Time;
end if7;

end if;
when k Iband acquisition

if ENVIRFONNENT.Time K KACQ T1NE4K-ACQ-DELAY then
RF -PHASE : K BAND TRACK;-

end if;
when others Z>

nuLL;
end case;

end A-"ME;

procedure OETECTION(TGT RANGE IN,
RANGE TOT LAC IN :in VECTOR;
AF PHASE OUT : out RF-PHASE-TYPE2;
SHR OUJT : out REAL;
TGTTYP OUJT : out INTEGER;
USE OUT : out VECTOR) is

begin
TOT RANGE :zTGT RANGEIN;
RANGE TGT LAC:=RANGE TGTLAC I N;

-Deterine if we have aquired the target in S/A X-band, Ka band or are
-stiLL in midcourse
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if RF PHASE /z K-BAND ACQUISITION or RF-PHASE /z KSAND TRACK then
SADETECT;
SA~MODE;

end if;-
A DETECT;
ANmODE;
SNR OUT :SNR;
RF PHASE OUT :RF PHASE;
USE -OUT:4=SE;
TGTTYP OUJT:=TGTTYP;

end DETECTION;

end RF-SEEKER;

Package JR SEEKER

with MATH; use MATH;
with MODELTYPES; use MODEL TYPES;
with REAL-MATRIX; use REAL MATRIX;

package JR SEEKER is

procedure SETUPCIR TGT1 SIGNATUREIN, IR-TGT2-SIGNATURE IN:

in TGT JR SIZE TYPE);

procedure INITIALIZE(TGT -ALTITUDE, NSL -ALTITUDE: in REAL;
ER ACQ RANGE: out REAL);

procedure DETECTION CRANGE1 in REAL; JR PHASE OUT :out
I R PHASE TYPE);

end JR SEEKER;

-Package JR SEEKER body

with MATH; use MATH;
with MODEL TYPES; use MODEL-TYPES;
with REAL-MATRIX; use REAL-MATRIX;
with ENVIRONMENT;

package body JR SEEKER is

I RPHASE: JR PHASE TYPE;
I RSEARCH-TIME: REAL;
JR ACQ T11ME : REAL;
IRTRK-TINE :REAL;
JR -TGT1 SIGNATURE : TGT JR SIZE TYPE;
I RTGTSIGNATURE :TGT JR SIZE TYPE;

procedure SETUP(IR -GT1 -SIGNATUREIN, IR -GT2 -SIGNATURE-IN:
in TGTIR-SIZEJTYPE) is

begin
JR TGT1 SIGNATURE:=IR TGTI SIGNATUREIN;
I R TGT2-SI GNATURE :z=1 RTGT2SI ONATURE I N;
IR -PHASE : NON -ACTIVE;
JR -SEARCH TIME.--O.O;
IR-ACCOTAIE:zO.O;
IR RkTIME:O.O;

end SETUP;-

164



procedure INITIALIZE(TGT -ALTITUDE, MSL ALTITUDE: in REAL;
IRACORANGE: oiut REAL) is

begin
if TGT ALTITUDE >70 000.0 then

if JRt TGTI SIGNAURE - SMALL then
Ii ACO RANGE :x200000.0;

else
I R -ACQ RANGE: 2400000.0;

end if;-
elsif TGT ALTITUDE >10 000.0 then

if IRCTGTI SIGNATURE - SMALL then
1R ACO RANGE :2100000.0;

etsif YR-TG71-SIGNATURE a MEDIUM then
JR ACQ RANGE :=200000 .0;

etsif IR TETISIGNATURE = LARGE then
I R ACQ RANGE :=350000.0;

end if;
else

if IR TGT1 SIGNATURE z SMALL then
IiR ACO RANGE :26000.0;

*(iff IRTETI SIGNATURE x MEDIUM then
IR AC RANGE :=100000.0;

elsif IR TGTI SIGNATURE = LARGE then
IR -A&CQ RANGE :2150000.0;

end if;-
end if;

end INITIALIZE;

proceduire DETECTION CRANGEI : in REAL; IR -PHASEOPUT : out
IR PHASE TYPE) is

SEARCH DELAY : constant :=5.0; -- delay from radome off until JR SEARCH
ACC DELAY : constant :=1.0; -. from JR SEARCH until JR ACQUISITION
TRK DELAY : constant :=1.0; -- from IR-ACQUISITON untiT JR TRACK

DELTA SEARCH : REAL; -. Local variables
DELTA AcQ : REAL;
DELTA TRK : REAL;

begin
case IR PHASE is
when NON-ACTIVE =>

if JR SEARCH TIME = 0.0 then
JR SEARCH TIME :- ENVIRONMENT. Time;

end if;
DELTA SEARCH :- ENVIRONNENT.Time -IR SEARCH-TIME;
if DENT SEARCH >a SEARCH-DELAY then

JR P HASE : I RSEARCH;
end if;

when JR SEARCH =>
if JR ACO TIME 2 0.0 then

11R ACQ TIME :- ENVIRONMENT.Time;
end if;
DELTA 6c :- ENVIRONMENT.Time -IR ACO TIME;
if DELTA ACO -- ACO DELAY then

IR -PHASE:- IR ACQUJISITION;
end if,

when JR ACQUISITION z>
if litTRK TIME = 0.0 then

1JR TRK TIME :- ENVIRONNENT.Time;
end if-
DELTA iK :- ENVIRONMENT.Time -R 14 RK TINE;
if DELT TRK >- TRK DELAY then

IRP- HASE :z IR TRACK;
end if;

when JR TRACK =>
null; -- Once in JR TRACK always in JR TRACK

end case;
JR PHASE OUT :m IR-PHASE;
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end DETECTION;

end IRSEEKER;

Guidance Package Specification

-- This package contains the data types and subprograms used in modeling the
-- guidance subsystem.

with MATH; use MATH;
with REALMATRIX; use REAL MATRIX;
with NODEL TYPES; use MODELTYPES;

package GUIDANCE is
procedure INITIALIZE C

ALTITUDE : in REAL;
TGT ALTITUDE : in REAL;
TGT RANGE : in VECTOR;
TGTVEL : in VECTOR);

procedure COMPUTE (
TIME TO GO : in REAL;
ALTITUDE : in REAL;
ALTITUDE RATE : in REAL;
VELOCITY in REAL;
AXIAL ACC in REAL;
PITCHBOD in REAL;
TGT RANGE in REAL;
TGT RANGE RATE in REAL;
SKR GIMBA-L ANGLE in VECTOR;
OMEGA1 SKR : in VECTOR;
GUIDANCE PHASE OUT : out GUIDANCEPHASE TYPE;
ACC CMDO : out VECTOR);

end GUIDANCE;

-- Guidance Package Body

-- This package contains the data types and subprograms used in modeling the
-- guidance subsystem.

with MATH; use MATH;
with MODELTYPES; use MODELTYPES;
with REALNATRIX; use REAL MATRIX;
with ENVIRONMENT;

package body GUIDANCE is

-- Mode selection constants

GUIDANCEINITIATE TIME : constant :a 0.8; -- Sec
TURNDOIN GINBAL ANGLE : constant := 40.0 * DEG.TO RAD; -- Red
TRANSCLIMB ANGLE : constant := 20.0 * DEG TORAD; -- Red

-- Attitude hold algorithm constants

DESIRED ALTITUDE : constant :a 70000.0; -- Feet
ALTITUDE-DELTA constant :z 50.0; -- Feet
ALTITUDE-GAIN constant :* 0.1; -- Ft/Sec / Ft
ALTITUDERATEGAIN : constant :a 0.3; -- Ft/Sec^2 / Ft/Sec
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ALTITUDE-ACC-LIMIT : constant := 160.0; - FtISec'2

-- Guidance algorithm constants

LOAD-81AS-FACTOR : constant := -5.0 *G; -- FtISec^2
ACCEL LIMIT :constant := 35.0 * G; - Ft/Sec'2
CRUISE ALPHA EST :constant :=10.0 D EG-TO RAD; - - Rad

.-Data definitions

GUIDANCE PHASE GUIDANCE PHASE TYPE;---------------------

PRIDyNGUIDACE :HS GUIDANCE PHAS TYPE;

COS -TOTGIM4BAL ANG REAL;
COS TURNDOWN GI-MBAL ANGLE :REAL;
CLIMB ANGLE -:REAL;
AXIAL ACC COMP :REAL;
PIT-ACC-0 REAL;
YAW-ACC OlD :REAL;
ALTITUDE RATE LIMIT : REAL;
ALT RATE LIMIT SET : bootean;
LOS-BIAS :REAL;
HOLD PATH TIME : REAL;
TERMINAL TGO-THRESHOLD : REAL;
LONG-RANGE :boolean;
ALT-SWITCH, ALT-RATE -SWITCH :REAL;
PIT ACC-CO1MP ENABLED :bootean;

procedure INITIALIZE C
ALTITUDE :in REAL;
TGT -ALTITUDE :in REAL;
TGT -RANGE : in VECTOR;
TGT-VEL :in VECTOR) is

RANGE HORIZ : REAL;
TGT -VEL HORIZ :REAL;
REL VEL NOSE, REL VEL TAIL, REL-VEL :REAL;
HORIZ-iASPECT_,ANGLE : REAL;

DT.SEP, DX5SEP, DT HOLD, DXJIOLD :REAL;
R5GBIAS, X-5G-BIAS, H-5G-BIAS, T-5G-BIAS :REAL;
R-VAR ARC, DX -VAR -ARC, DT VAR ARC : REAL;
kALT HOLD, T ALT HOD R EAL;
DX TGT :REAL;.
COS ASPECT ANGLE, SIN ASPECT ANGLE : REAL;
GIN7PITCHOVR RNG, DELTA-HEIGHT :REAL;
TGO7PITCHOVR-RNG, TGO PITCHOVR RNG NOSE, TGO-PITCHOVR-RNG-TAIL :REAL;
DISCRIMINANT: REAL;
LOS-PITCHVR RNG, LOS PITCHOYR RNG NOSE, LOS PITCHOVR RNG TAIL :REAL;

* PITCHOY RNG NOSE, PITCHOVR RNG-TAIL :REAL;
RNG.NOSE, RNGJTAIL, DELTA RNG, RADIUS, THRESHOLD-RANGE :REAL;

begin
GUIDANCE -PHASE := NULL COMMANDS;
ALT-RATE LIMIT_ SET := faLse;
PIT ACC ZOMP ENABLED :* faLse;
COS TURNDOWGIMBAL ANGLE := COS(TURNDOWN GIMBAL ANGLE);

-LOS rate bias and time-to-go threshold based on tgt attitude

if TGT ALTITUDE cz 50000.0 then
LOS BIAS :a 0.0025;
TERiMAL TGO THRESHOLD :a 40.0;

OLise
LOS BIAS := 0.001;
TERINAL TGO THRESHOLD := 15.0 + TGT-ALTITUDEO0.OOO5;
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end if;

-- Horizontal tint range and relative velocity

RANGE HORIZ := SQRT(TGT RANGE(1)00 2 + TGT RANGE(2)**2);
TGTVELHORIZ :- SQRT(TGT VEL(1)**2 + TGT-VEL(2)**2);

-- Altitude hold mode rel. vol. for nose & tail aspect

REL -VI NOSE :3000.0 + TGT -VELHORIZ;
REL-VEL TAIL 3000.0 - TGT VELHORIZ;

-- Horizontal aspect angle

SIN -ASPECT ANGLE :z (TGT VEL(2)*TGT RANGE0)-
TGTVEL(1)*TGTRANGE(2)) / (RANGE NORIZ * TGT-VELHRIZ);

COS -ASPECT ANGLE C= TGT VEL(1)*TGTRANGE(1) +
TGT VEL(2)*TGT RANGEC2)) / (RANGEHOIZ * TGT-VELHORIZ);

H0RIZ ASPECT ANGLE :z ATAN2(SIN ASPECT ANGLE, COS ASPECT ANGLE);

-- Time to hold before 5g bias clifrb

if TGT ALTITUDE ), 70000.0 then
if ALTITUDE > 20000.0 then

if MAGNITUDE(TGT RANGE) <110.0 FEET PER NNI then
DTHOLD :z20.0;

elsif MAGNITUDECTGT RANGE) '> 120. 0 FEET PER NMI then
DT-HOLD :z 10.0;

else
DT-HOLD :=20.0 + (MAGNITUIDE(TGT-RANGE)-110. 0 FEETPER-NMI)*
(10.0-20.0) / ( 20.0-110.0)*FEET PERNMI);

end if;

HOL.D PATH TINE :z CCGT ALTITUDE-DESIRED ALTITUDE)
(90000.0-DESIRED ALTITUDE)) * ((ALTITUDE-20000.0)I
(30000.0-20000.0)) * 20.0;

if HOLD-PATH-TIM4E > T HOLD then
HOLD_-PATH_-TIME := DT-HOLD;

end if;
else

HOLD -PATH -TIM4E := 0.8;
end if;

else
HOL.D -PATH -TINE := 0.8;

end if;

-- Estimated missile travel, separation phase

DT SEP :a 0.8;
DX SEP :- 1000.0 -DT-SEP;

-Estimated missile travel, flight path hold phase

OT -HOLD : HOLD PATH TINE - DT-SEP;

DX HOLD *((1000.0 + 2600.0) / 2.0) * DTHOD;

-Estimated missile travel, 5g bias phase

R G BIAS :~(2600.0 '* 2) / (-LOAD BIAS FACTOR);
X -SG -BIAS :~DX..SEP + DX HOLD + R 5ZUIAS *SIN(TRANS CLIMB-ANGLE);
H SC5 BIAS :=ALTITUDE + i 5G BIAS- T 1.0 -COSCTRANS CLIMB ANGLE));
T G BIAS :zTRANS CLIMBANGLE * 2600.0 / (-LOAD BIAS FACTOR) + OT SEP +
DT-HOD;

-Estimated missile travel, variable arc phase

A VAR-ARC :z (DESIRED ALTITUDE - H_5GBIAS)/
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(1.0 - COS(TRANS CLIMB ANGLE));
OX VAR ARC I~ t VAR ARC * SIN(TRANS CLIMB ANGLE);
DT VAR ARC TANS CLIMB ANGLE * 3 VAR ARC / ((2600.0 + 3000.0) /2.0);

-- Estimated missile travel, altitude hold phase

X -ALT HOLD :a X 5G BIAS + DX VAR ARC + 3000.0*20.0;
T-ALT-wHO :. T-mm 5+ BIS4oTvAR ARc + 20.0;

-Estimated target travel

DX-TGT :z TGT VEL-HORIZ * T-ALTHOLD;

Gimbal angle pitchover range

DELTA HEIGHT :z DESIRED ALTITUDE -TOT ALTITUDE;
GIN -PITCHOYR RNO := absi(DELTA HEIGHT) / TAN(TURNDOW.N GIMBAL ANGLE-

CRUISE ALPHA EST*SIGNCDELTA HEIGHT));

-Time to go pitchover range

REL -VEL := REL VEL NOSE;
for I in 1..2 loop7

TGO PITCHOVR RNG NOSE := TGOOPITCHOVR RHO;
DISCRIMINANT := (REL VEL-TERgINAL TOTHRESHOLD) ** 2 -

4.0 * (DELTA-HEIGHT Z* 2);

if DISCRIMINANT >= 0.0 then
TGO -PITCHOVR RNG :z (REL VEL*TERMINAL TGO THRESHOLD +

SORT(DISCRINMANT)) 7 2.0;
else

TGO -PITCHOVR-RNG := 0.0;
end if;

-LOS rate pitchover range

LOS -P1 TCHOVR -RHO NOSE := LOS P1 TCHOVR RNG;
DISCRIMINANT := (REL VEL / (0.5*DEG-TORAD)) - abs(DELTA HEIGHT);
if DISCRIMINANT > 0.0 then

LOS -PITCHOVR RNG :a SORT(abs(DELTA HEIGHT) *DISCRIMINANT);

else
LOS -PITCH OWRNG := 0.0;

end if;

REL VEL := REL VEL TAIL;
end loop;

if REL VEL TAIL >0.0 then
TG PI TCHOVR RNO TAIL :TGO PITCHOVR RNG;
LOS7P1 TCHOVR 3MG7TAIL :=LOS PITCHOVR RHO;

else
TGO PITCHOYR RNO TAIL :0.0;
LOS PITCHOVR.RNG TAIL :30.0;

* end if;

PITCHOYR RNG NOSE := MAX3GIM PITCHOVR-RNG, TGOPI TCHOVR-RNG NOSE,
LOS P1 TCHOVR RNO NOSE);

PITCHOYR RNG TAIL :* MAX3(GIM PITCHOWYR RHO TGO-PI TCHOVR RNG TAIL,
LOS PITCHOYR RNG TA! L);

-Conpute algorithm selection threshold range

RNG NOSE :a X AL T HOLD + PITCHOVR RNO NOSE + DXTOT;
RHO TAIL :3x ALT HOLD + PiTcCHORNRHOTAIL -DX TGT;

DELTA RHO : (RHO NOSE -RHO TAIL) / 2.0;
RADIUS :- (RNO NOSE + RNO TAIL) / 2.0;

THRESHOLD-RANGE :a SQRT(RADIUS2 -(DELTA RNG'SIN ASPECT ANGLE)**2)
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DELTARNG'COS.ASPECTANGLE;

-- Determine if 'long' or 'short' range flight & set parameters

if RANGE HORIZ - THRESHOLD RANGE then
LONG RANGE :a false;
ALT .SWITCH := 60000.0;
ALT_ RATE SWITCH := 600.0;

else
LONG RANGE true;
ALT -SWITCH 69000.0;
ALTRATE SWITCH := 0.0;

end if;
end INITIALIZE;

................................................................................

procedure COMPUTE (
TIMETOGO : in REAL; -- Midcourse estimated time to go
ALTITUDE : in REAL; -- Mst aLtitude above round earth
ALTITUDE-RATE : in REAL; -- Derivative of aLtitude
VELOCITY in REAL; Velocity magnitude
AXIAL.ACC : in REAL; -- INS measured axis 1 accet.
PITCH BO : in REAL; -- Pitch relative to earth
TGT RANGE : in REAL; -- Estimated range to tgt
TGT RANGE RATE in REAL; -- Derivative of TGT RANGE
SKR-GIMBALANGLE in VECTOR; -- Seeker LOS angles
OMEGA1 SKR : in VECTOR; -- Seeker LOS angle rates
GUIDANCE.PHASEOUT : out GUIDANCEPHASE TYPE;
ACC C BOD : out VECTOR) is -- Body acceleration cmds

................................................................................

procedure GUIDANCENODE is
TOTALLOSRATE : REAL;
TOTAL GIMBAL ANG : REAL;
VEL LTMIT : REAL;

begin
PREV GUIDANCE.PHASE := GUIDANCEPHASE;

COS TOT GIMBAL ANG :a COS(SKRGIMBALANGLE(2)) *
COS(SKRGIMBALANGLE(3));
TOTAL GIIMBAL ANG :- ACOS(COS TOT GIMBAL.ANG);
TOTALLOSRATE :z SORT(ONEGAISKR(2)**2 + OMEGA1SKR(3)**2);

if ENVIRONMENT.Time - GUIDANCEINITIATETIME then
if PREV GUIDANCEPHASE = TERMINAL or
TIME TO GO <- TERMINAL TGO THRESHOLD then

GUIDANCE.PHASE :- TERMINAL;

eLsif PREY GUIDANCE PHASE = TURN-DOWN then
GUIDANCE-PHASE := TERMINAL; -- Inco plete in 6OF

elsif PREV GUIDANCE PHASE = ALTITUDE HOLD then
if TOTAL LOS RATE >= 0.5*DEG TO RAD or
COS TOT GIlAL. ANG < COS TURNDOWN GIMBAL-ANGLE then

GUIDANCE PHASE : TERMINAL;
else

GUIDANCEPHASE :z ALTITUDE-HOLD;
end if;

etsif PREY GUIDANCE PHASE z VARIABLE ARC then
if TOTAL LOS RATE O.5*DEGTOR then

GUIDANCE PHASE : TERMINAL;
elsif ALTITUDE - ALT SWITCH and
ALTITUDE RATE >- ALT RATE SWITCH then

GUIDANCEPHASE : ALTTTUDEHOLD;
else

GUIDANCEPHASE : VARIABLE ARC;
eni if;

170



etsif PREy-GUIDANCE PHASE = LOAD-BIAS then
CLIMB-ANGLE :=ASIN(ALTITUDE RATE / VELOCITY);

if CLIMB ANGLE >= TRANS CLIMB-ANGLE then
GUIDANCE PHASE :2VARIABLE ARC;

eise
GUIDANCE PHASE :2LOAD-BIAS;

end i f;

etsif PREV GUIDANCE PHASE = HOLD PATH then
if ALTITUDE <= 30000.0 then

VEL LIMIT :=2900.0 + O.O225*ALTITUDE;
etsif ALTITUDE <= 70000.0 then

VEL LIMIT 3500.0 + 0.00725*(ALTITLJOE-30000.0);

VEL LIMIT 3800.0;
end if;

if VELOCITY >= (VELLIMIT-150.O) then
GUIDANCE PHASE := LOAD-BIAS-

etsif ENVIRONMENT.Time >HOLD PATH TIME then
GUIDANCE PHASE :LOAD BIS;

etse
GUIDANCE PHASE HOLD-PATH;

end if;

etsif PREV GUIDANCE PHASE = NULL COMMANDS then
if HOLD PATH TIME <- 0.8 then

GUIDANCE PHASE :2LOAD-BIAS;

eLse
GUIDANCE PHASE HOLD-PATH;

end jf.
end if;

end i f;
end GUIDANCE M~nmP;

funct ion ALTITUDE H 1OLD-CMD
return REAL is

ALTITUDE -RATE CID REAL;
ALTITUDE ACC CII) REAL;

beg in
if not ALT RATE LIMIT SET then

ALTITUDE RATE LIMI1T :=absCALTIYUDERATE);
ALT -RATE LIMIT SET true;

end if;

ALTITUDE -RATE -CII) -~ALTITUDE GAIN * (ALTITUDE - DESIRED ALTITUDE);
ALTITUDE RATE CII) LIMIT(ALTITUDERATEOI), ALTITUDERATE_LIMIT);

ALTITUDE ACC CI0 :z ALTITUDE RATE GAIN * (ALTITUDE RATE -
ALT ITUDE RATECII);

ALTITUDE-ACC-0II :z LIMIT(ALTITUDE ACC CII), ALTITUDEACC LIMIT);

return ALT ITUDE-ACC-CMD;
end ALT ITUDE HOLD CII;

procedure GUIDANCE COMMANDS is
TOTAL ACC CII) : REAL;
GUIDACEGAIN : REAL;

beg in
if GUIDANCE PHASE z TERMINAL then

GUIDANCE GAIN :z 3.0;
PIT -ACC C OMP ENABLED :- true;

else
GUIDANCE GAIN := 4 0;

end if;
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-Yaw acceleration command

case GUIDANCE PHASE is
when MULL COMMANDS

YAW ACC CH) :- 0.0;
when others =>

AXIAL-ACC-CO14P :=AXIAL ACC - G*SJN(PITCH DOD);

-- axiaL-acc-conp used for pitch command also

YAW ACC CHD := -GUIDANCE GAIN * TGT RANGE RATE
(OMEGAI1SKR(2) * TAN(SKR GIMBAL ANGLE(2))-*

TANZSKR -GIMBAL ANGLE(3)) + OMEGAISKRC3)/
COS(SKR-GIMAL-ANGLE(3)));

YWACC-CM) : YAW ACC-CND + AXIAL ACC COMP
TAN(SKR GIMBAL ANGLE(3)) / COS(SKR GIMBAL ANGLE(2));

end case;

- - Prop. Nay. Pitch acceleration command

PIT ACC CMD := GiJIDANCE GAIN * TOT RANGE RATE
OMEGA1-SKR(2) / COS(SKR GIMBAL ANGLE(2));

if PIT ACC COWP ENABLED then
PIT ACC CM) := PIT ACC CM) - AXIAL ACC COMP
TANTSKR GIMBAL ANGLE(2));

end if;

-- Pitch acceleration command

case GUIDANCE PHASE is
when NULL COMMANDS =>

PIT ACC CMD := 0.0;

when HOLD-PATH =>
PIT-ACC CM) 0.0;

when LOAD BIAS
if LOiG RANGE then

PIT-ACC-04D :2 LD-B AS FACTOR;
else

P1T ACC GClD ;:PIT ACC-CM) + LOAD BIAS FACTOR;
end if;

when VARIABLE ARC =>
if LONG RANGE then

CLIMB ANGLE :2ASIN(ALTITUDE RATE / VELOCITY);
PIT AEC 00) (1.0 - COS(CLI1MB ANGLE)) *
(VELOCITY ** 2) / ((DESIRED ALTITTUDE + ALTITUDE DELTA)

-ALTITUDE);
else

PIT ACC CM0 := PIT ACC CM + GUIDANCE GAIN
TOT -RANGE RATE * LOS BI1AS / COS(PITCH BOD);

end if;

when ALTITUDE HOLD
PIT ACC CM) :z ALTITUDE HOLD CM) / COS(PITCH SOD);

when TURN DOWN z>
nutl; -- Use Prop. Nav, command

when TERMINAL -
null; - - Use, Prop. Nav, command

end came;

- Compensate for gravity

PIT ACC CM) :x PIT ACC CM) - G * COS(PITCH-SOD)
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-- Limit acceleration commands

TOTALACC CD := SQRT(YAW.ACC OID**2 + PITACCCMD**2);

if TOTAL ACCCMD > ACCEL LIMIT then
PIT ACCCN := ACCELLIMIT*(PIT ACCCOD / TOTALACCCMD);
YA4 ACC CD: ACCELLINIT*(YAWACCCI) / TOTALACCCMO);

end if;

end GUIDANCECOUANDS;

begin
GUIDANCE MODE;
GUIDANCECOMMANDS;

GUIDANCE PHASE OUT := GUIDANCE PHASE;
ACCCMOBOD(2) := YAW ACC CIO;
ACCCMD_ BO(3) := PITACCCMD;

end COMPUTE;
end GUIDANCE;

.......................................................................

-- Kinematics package

-- This package contains the procedures which will initialize
-- and then perform the necessary calculations to determine the kinematic
-- variables that are required to perform the simulation.

with MATH; use MATH;
with REALMATRIX; use REAL-MATRIX;
with MODEL TYPES; use MODEL-TYPES;

package KINEMATICS is

procedure SETUP(NTGTS.IN,NSOJSIN: in INTEGER);

procedure COMPUTE(MSLPOS, MSL VEL, TGT VEL: in VECTOR; TGTPOS:
in SUPER VECTOR; RANGE VEC: in out SUPER VECTOR;
OMEGA: out VECTOR; TGT RANGE, RDOT, MISS DISTANCENED:
in out VECTOR; TIMETOGO, MISSDISTANCE: in out REAL);

procedure EOM(MSLPOS, MSL VEL VEC, ANGLE 0 ATTACK: in VECTOR; COEF DRAG,
MSL MASS, THRUST: in REAL; MSL X ACC BOO: out REAL;
MSLVEL, MSLHEADINGAZ, PITCH, Q: in out REAL);

procedure MACH NO(ALTITUDE: in REAL; MISSILE VEL: in VECTOR;
MACH: out REAL);

procedure DIRCOS(PSI, THETA: in REAL; EIB: out MATRIX);

end KINEMATICS;

--------------------------------------------------------------------------------

-- Kinematics package

-- This package contains the procedures which will initialize
-- and then perform the necessary calculations to determine the kinematic
-- variables that are required to perform the simulation.

with ENVIRONMENT;
with MATH; use MATH;
with REAL MATRIX; use REALMATRIX;

package body KINEMATICS is
-- List of variables that are global to the KINEMATICS package.
SREF : constant REAL:. 0.492; -- Missile reference area, ft**2
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NTGTS . INTEGER;
NSOJS INTEGER;

procedure SETUP(NTGTS IN, NSOJS IN: in INTEGER) is
begin

NTGTS:xNTGTS IN;
NSOJS:=NSOJi IN;

end SETUP;

procedure COMPUTE(MSL -POS, MSL -VEL, TGT VEL: in VECTOR;
TGT -P05: in SUPER VECTOR; RANGE VEC:
in out SUPER-VECTOR; 0OMEGA: out VECTOR;
TGT RANGE, ROOT, MISS DISTANCE NED: in out VECTOR;
TIME TO-GO, MISS DISTANCE: in out REAL) is

RHO: SUPER -VECTOR(1..4); -- Missile to target vectors unit vector
MSL T T VEL: -- Missile to target one velocity vector
VECTOR(1. .3);

begin
__ Calculate MSL TGT VEL
MSL-TGT-VEL:=TGT-VEL-MSL-VEL;

for I in 1..NTGTS loop
-- Calculate the missile to target range vector
RANGE -VECC I): =TGT -POS( I)-MSL POS;

-CaLcuLate the missile to target range
TGT-RANGEC I) :MAGNITUIDE(RANGE VEC( I));
-Calculate the unit vector of the range vector

RHO(I):zRANGE VEC(I )/TGTRANGE(I);
-- Calculate RDOT(I)
RDOT(I):z DOT PRODUCTCRHO(I),MSL TOT VEL);

end loop;

for I in 1..NSOJS loop
RANGE -VECCI+2) :TGT POS( I+2)-NSL POS;
TGTROANGEC I*2) :zMAGNITUIDE(RANGE VEC( 1+2));

end Loop;

-- Calculate the Line of sight (LOS) vector OMEGA
OMEGA:xCROSS PRODUCT(RHO(1) ,MSL TGT VEL)/TGT RANGE( );
.CaLculate the estimate of the time to go

if RDOT(1) z 0.0 then
RDOT(1 ):O0.01;

end if ;

MISS DISTANCE NED :RANGE VECC 1)-MSL-TGT-VEL*
DOT -PROOUCT(RANGE VEC~i ),NSLTGT VEL)
/MAGNITLWE(MSL TOT VEL)/MAGNITU)DE(MSL TOT VEL);

MISS 0 ISTANCE :=MAGNITLWDE(MISS DISTANCE NED);

if TIME TO GO <2 4.0 then
TIME TO -GO:uC- SORT(TGT RANGEd )*TGT -RANGE(1 -MISS DISTANCE*

MISS DISTANCE))/RDOT(1);
else

TINE TO GO:=-TGT-RANGE(1)/RDOTC1);
end if;

if TINE TO GO >a 1000.0 or (ENVIRONNENT.TIME c 2.0 and
TIME TO-GO <0.0) then

T tHE TO-GO: 21000.0;
etsif TIME TO GO < 0.0 then

TINE TO 6O:4.0;
end if;
end COMPUTE;
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procedure EON(NSL-POS, MSL VEL-VEC, ANGLEO0ATTACK: in VECTOR; COEF)DRAG,
MSL -MASS, THRUST: in REAL; NSL-X ACC BOD: out REAL;
NSL-VEL, NSL HEADING AZ, PITCH, Q: in out REAL) is

-This procedure calculates the missile axial acceteration
-vector from the irputs. This vector is returned to the
MISSILE.COMPUTE procedure, where it is made avaitabLe to

-the applications package for integration.
DRAG : REAL;

begin
__ Calculate the missile heading angles
PITCH:=ANGLE 0 ATTACKC2).ATAN(-MSL VEL VEC(3)/SQRT(MSL VEL-VEC~i )**2.O

4NSL-VELVEC2)**2.O));
MSL HEADING AZ:ATAN(HSL VEL VEC(2)/MSL-VEL-VECC1 ));
-- Determine- the missile-velocity

4 MSL VEL :=N4AGNITUDE(MSL VEL VEC);
C- alculate the dynamic pressure

Q:O.5*ENVIRONM4ENT.AIR DENSITY(-MSL POS(3))*NSL-VEL*4SL-VEL;
-- Calculate the drag on the missile
DRAG:=Q*COEF DRAG*SREF;
-- Calculate the missile x acceleration
MSL-X ACC BCJD:= (THRUST-DRAG)*G/NSL MASS;

end EON;

procedure MACN NOCALTITUDE: in REAL; MISSILE..yEL: in VECTOR;
M4ACH: out REAL) is

begin
M4ACH:=M4AGNITUIDE(MJSSILE-VEL)/ENVIRONMENT.SPEED-OF-SOND(ALTITVE);

end MACH NO;

procedure DIR COSCPSI,THETA: in REAL; Eli: out MATRIX) is
CPSI, -- CosCPSI)
SPSI, -- Sin(PSI)
CTHE, -- CosCTHETA)
STHE: -- Sin(THETA)
REAL;

begin
CPS]:= COSCPSI);
SPSI:z SIN(PSI);
CTHE:z COSCTHETA);
STHE:= SIN(THETA);
EIB(l,l):= CTHE*CPSI;
EIBC1,2):= CTHE*SPSI;
EIi(1,3):= -STHlE;
EIB(2,1):= -SPSI;
EIB(2,2):= CPSI;
EIB(2,3):= 0.0;
E19C3,1):a STHE'CPSI;
EIBC3,2):u STHE*SPSI;
E11C3,3):w CTHE;

end DIR-COS;

end KINEMATICS;

-- Targets package

-This package contains the procedure cals which will initialize,
setup, comp~utes and get and put the missile state vector as wel

-as calculating the necessary paramters to calculate the state
-- vector.

with MATH; use MATH;
with REAL MATRIX; use REAL MATRIX;
with MODEL TYPES; use MODEL TYPES;
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package TARGETS is

procedure SETUP(ASPECT IN,
TGT2 ANGLEIN,
TGT MACH IN,
No OF GS IN,
WEAVE PER lD IN,
TURN ON VALUEIN,
TURN ANGLEI N,
WJILDUP TIME IN: in REAL;
TGTRANGEI N,
TGT ALTIN,
50.1 ANGLE IN: in VECTOR;
MANEUVER IN: in MANEUVER-TYPE;
TGT TWOIN,
50.1- ONE_ N,
50.1 TWO IN: in YES NO TYPE;
TURN ON -PARAMETER IN: i n MANEUVER START TYPE);

procedure PT-STATESCSTATES: in VECTOR);

function GET-DERIVATIVES return VECTOR;

function GET-STATES return VECTOR;

function LOG DATA return TARGET LOG-DATA TYPE;

procedure INITIALIZE;

procedure TGT-DATA(TGT-VEL OUT: out VECTOR;
TGT POS OUT: out SUPER VECTOR);

function TGT-POS return SUPER VECTOR;

procedure COMPUTE;

function TGT-ASPECT(RANGE-VEC: in VECTOR) return REAL;

end TARGETS;

-- Targets package

-This package contains the procedure calls which will initialize,
-setup, computes and get and put the missile state vector as well
-as calculating the necessary paramters to calculate the state
-- vector.

with MODELTYPES; use MODEL TYPES;
with MATH; use MATH;
with ENVIRONMENT;
with REAL-MATRIX; use REAL-MATRIX;
with LAUNCHER;
with MISSILE;
WITH TEXTIO;WITH REALJ0;

package body TARGETS is

LOGGED-DATA : TARGET LOG 1DATA TYPE ; .Output Vector
ASPECT : VECTOR(..2); -- Target Aspects
TGT2 ANGLE REAL; -- Relative angle of tgt 2 to tgtl
TGT-1MACH : REAL; -Target Machs
TGT-HEADpDOT : REAL; -- target one heading angle rate
TGT-HEAD-ANGLE : REAL; - Target one heading angle
TGT VEL NED : VECTOR 01.3); -. Target Velocity Vector
TGT POS NED : SUPER-VECTOR 0-.4); -- Target Position Vectors
TGT-VEL : RPAL; -- Magnitude of Target Velocity
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NO OF GS : REAL; -. Number of 9's putLed in maneuver
WEAVE-PERIOD : REAL; -Period of target weave
TURN ON VALUE : REAL; -- Tim maneuver begins
TURN-ANGLE : REAL; -- Angie turned through (turn and run)
BUILDUP-TIME : REAL; -- Exponentiat buiLdLu time
TGT RANGE : VECTORC1..4); -. LOS Range to the targets
SOJ ANGLE : VECTORC1..2); -- Angie to SOJS reLative to LAC az
MANEUVER : MANEUVER-TYPE; -- Type of maneuver
TURN-ON-PARA14ETER: MANEUVER -START-TYPE;
NSOJS INTEGER; - - Number of stand of f jammners
NTGTS INTEGER; -- Number of Targets
DERIVATIVES : VECTORC..6); -

STATE : VECTOR(..6); -

G HORZ : REAL; -- HorizontaL gins puLLed in weave
OMEGA : REAL; -- Freqency of the weave
FSTART MANEUVER :booLean; -- Maneuver start f Lag
START-TINE REAL; -- Maneuver start time
FINAL HEAD.ANGLE: REAL; -- FinaL heading angle after turn

procedure SETUP(ASPECTIN,
TGT2 ANGLEIN,
TGT -MACH IN,
NO OF GSIN,
WEAVE PERIODIN,
TURN -ON -VALUEIN,
TURN ANGLEI N,
BUILDUP TINE IN: in REAL;
TGT -RANGE_ N,
TGT-ALT IN,
SOJ ANGLE IN: in VECTOR;
MANEUVER IN: in MANEUVER-TYPE;
TGT TWO 7N,
SOJONE_I N,
S01 TWO IN: in YES NO TYPE;
TURN ON PARAMETER IN: in MANEUVER STARTTYPE) is

TEMP: REAL;
begi n

ASPECT(l) := DEG-TO-RAD*REAL(integer(ASPECTI[N*RAD-TO-DEG) mod 360);
-- InitiaL Target 1 Aspect (rad)
TGT2 ANGLE:xTGT2 ANGLEIN; -- Tgt 2 angLe relative to tgt 1
TOT MACH :=TOT MACH IN; -- InitiaL Target Mach
NOO5FGS aNO7OF GS IN;
WEAVE PERIOD: -WEAVE PERIOD IN;
TURN ON VALUE: =TURN ON VALUEIN;
TURN AN6GLE:x TURN ANGLE IN;
BUILDUP TIME:2BUILDUP TIE IN;
TGT RANGE :z TGT RANGE IN; - - LOS Range (feet)
S01 ANGLE :S 50 ANGLEIN;
MANEUVER :=MANEUVER IN;
if TGT TWO IN z NO then

NTGTS:;;
else

4 NTGTS:z2;
end if;
if SOJ ONE IN z NO and 501 TWO IN z No then

NSOJS:;
elsif SO01 ONE IN a YES and 501 TWO-IN =NO then

NSOJS u1;
etaif 501ONE IN a NO and 501 TWO IN YES then

NSOIS: zi;
TOT -RANGE(3) :TGT -RANGE(4);
501 ANGLEd ) :SOJ ANGLE(2);

elsif S5J -ONE -IN a YES and 501 TWO IN YES then
NSOJS.:2v

end if;
TURN ION PARAMETER :zTURN-ON-PARANETER IN;
for I in 1..4 loop

TOT POS NED( I)(3):=-TGT ALTINC I);
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end toop;
end SE TUP;

procedure PUT STATES(STATES: in VECTOR) is

begin
TGT-POSNEDM :STATES(1 .3);

end PUT STATES;

function GET-DERIVATIVES return VECTOR is

begin
DERIVATIVES(1. .3):=TGT-VELJ4ED;
return DERIVATIVES;

end GET-DERIVATIVES;

funct ion GET-STATES return VECTOR is

begin
STATE( . .3):=TGT -POS -ED(1);
return STATE;-

end GET-STATES;

functiton LOG-DATA return TARGET LOG DATA TYPE is

begin
LOGGED DATA.REAL VALUE(1):= TGTPOSNUED()(I);
LOGGED -DATA.REAL -VALUE(2):= TGT-POS-NEDC)(2);
LOGGED -DATA.REAL -VALUE(3:m -TGT-POS-NED(l)(3);
LOGGED -DATA.REAL -VALUE(4):* TGT-POS-NED(2)(1);
LOGGED -DATA.REAL -VALUEC5):= TGT-POS-NED(2)(2);
LOGGED -ATA.REAL VALUE(6):u -TGT-POS-NED2)(3);
LOGGED.DATA.REAL-VALUE(7):= TGT-VEL;
LOGGED -DATA. REAL VALUME(8): = TGT M ACH;
LOGGED DATA. REAL VALUIE(9) : TGT-HEAD-ANGLE*RADTO-DEG;
return LOGGED-DATA;

end LOG-DATA;

procedure INITIALIZE is
TGT2 TEMP ANGLE: REAL;
LAC POS NED : VECTOR(l..3);

begin
START TIME:=O.O;
FSTAR MNEUVER:false;
LAC -P06 NED :=LAAJNCHER .LAC-POS;
TGT-VEL:=TGT M4ACN'ENVIRONNENT.SPEED OF SOUN(-TGT POS-NED(1 )(3));
TGT -VEL -NEDCI ):=TGT -VEL*COSCASPECTC ));
TGT VEL NED(2) :-TGT-VEL*SIN(ASPECTCI));
TGT"VEL-NED(3) :w0.0;
TGT-POS AED(I)C1):uSQRT(TGT RANGE(1)*TGTRANGE(1 )-(-LAC-POS-NEDC3)4

TGT POSMED(1l3))*C.L'C-POS-NED(3)4TGT-P)S-NED( 1)(3)));
TGT -POS NEDC1 )C2):xO.O;
TGT -HEAD DOT :s'.O;
TGT HEAD ANGLE:*ASPECTC 1);
TGT2 TEMP ANGLE: =TGT2 ANGLE+TGT HEAD ANGLE-P 1;
if NTGTS ;2 then

TGT-POS-NED(2)(1 ):xTGT POS-NED(1 )C )4SIN(TGT2 TEMP ANGLE)*
TGTRANGE(2);

TGT POS NED(2)(2) : TGT P05 NED(l) (2)-COSCTGT2 TEMP ANGLE)
TGT RANGE(2);

if TGT POS NEDC2)C2) /-;-0.0 then
ASPECTC2):OEG TO RADREAL( INTEGERCRADTO DEG*CASPECT( )-

ATAN(TGTPSNED(2)(2)/TGTPOf NED2)( 1))))
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mod 360);
etse

ASPECTC2):=ASPECT(1);
end if;

else G O E()1=.;
TGT POS NED(2)(1 ):=O.O;

ASPECT(l):=O.O;
end if;

if NSOJS - 1 then
TGT P06 NED(3)(1 ):aCOSCSOJ ANGLEd ))*SORT(TGT-RANGE(3)*

TGT-RANGE(3)-(C-LAC-POS-NED(3)+
TGT -OS NED(3)(3) )*(-LAC POS NED(3),
TGT POSNED(3) (3) ));

TGT-POS-NED3)(2) :SIN(SOJANGLE(1))*SORT(TGTRIANGE(3)*
TOT RANGEC3)-( -LAC POS NEDC3)+
TGT-POS NED(3)(3) )C -LAC POS NEDC3).
TGT P06 NED(3)(3) ));

if NSOJS a 1 then
TGT POS NEDC4)C1 ):=O.0;
TGT P06 NED(4)(2) :xO.O;

end if;
elsif NSOJS = 2 then

TGT-POS-NED(3)(1):COS(SOJ ANGLE(l))*SQRT(TGT-RANGE(3)*
TGT RANGE(3)- ( -LAC-POSNED(3)+
TTOS_NEDC3)c3))*( -LAC-POS-NED(3)+
TGT P06 NED3)(3)));

TOT P06 NED(3)(2):=SINSOJ -ANGLEd 1))-SORT(TGT-RANGE(3)*
TOT -RANGE(3)- ( -LAC-POS-NED(3)+
TOT P06 NED(3)(3) )*( -LAC-POS-NEDC3).
TGT P06 NED(3) (3) );

TOT POS-NED(4)1):COSSOJ ANGLE(2))*SRT(TGT-RANGE(4)*
TGT RANGEC4)- (-LAC-POS-NED(3)*
TGT -P06 NED(4)(3) )*(-LAC -POSN- ED(3)+
TGT POS NEDC4 )C3)));

TGT-POS-NED(4)(2):=SINSOJNGLE(2))*SQRT(TGTRANGE(4)*
TOT RANGE(4)- (-LAC-POS-NED(3)+
TGT -POS -NED(4)(3) )*( -LAC -POSNED(3)+
TOT P06 NED(4)(3)));

TGT -POS NED(3)(1 ):0.O;
TOT -P06 NED(3)(2) :O.O;
TOT -P06 NED(I.)(1 ):0O.O;
TOT -P06 NED(4)(2) :0.O;

end if;

if MANEUVER = TURN then
FINAL-HEAD ANGLE:ODEG TO RAD*REAL( integerd (ASPECTC 1)+

TURN ANGLE)*RAD-TODEG) mod 360);
elsif M4ANEUVER z iEAVE then

ONEGA:=2.*PI/WEAVE PER 100;
end if;

end INITIALIZE;

A procedure TGT-PATA(TGT VEL OUT: out VECTOR;
TGT POS OUT :out SUPER VECTOR) is

begin
TGT VEL OT :zTGT EL NED;
TGT POS7OUJT: TGT POS7NED;

end TOT DATA;

function TGT P06 return SUPER VECTOR is

begin
return TGT P06 NED;
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end TGT P06;

procedure COMPUTE is

BUILDUP FACTOR: REAL;
MANEUVER START -VALUE: REAL;
TEM4P GS: REAL;
TGT? TEMP -ANGLE: REAL;

begin
if not F START MANEUVER then

MISSILE .MANEUVERVALUECTURNON-PARAIETER,M4ANEUVERSTART.VALUE);
end if;

if TURN ON PARAM4ETER /z FLIGHT-TIME and MANEUVER START VALUE c
TURN O& VALUE then

if no t FSTART MANEUVER then
START -TIME:ENVIRONMENT .Tine;
FSTART M ANEUVER :t rue;

end if;
eLsif TURN-ON-PARA14ETER z FLIGHT-TIM4E and MANEUVER START VALUE >=

TURN ON-VALUE then
if not FSTART-1MANEUVER then

START TIME:=ENVIRONM4ENT .T ine;
FSTARTMKANEUVER:=true;

end if;
end if;

if FSTART-1MANEUVER and ENVIRONM4ENT.Tiine<=(START TIME.
BJILDUP TIME) then
if BUILDUP-TIM4E z 0.0 then

TGT HEAD DOT: zSI ONCTURN ANGLE )*G*SQRT(NOOFGSNO-OFGS-
1 .0)/TOT VEL;

GHORZ:=TAN(ACOS( 1.0/NO OF OS));
else

BUILDUP FACTOR:=1.0-EXP((ENVIRONMENT.Tiine-START TIM4E)*
(-4.60517)/Dul LDUP -TIME);

if M4ANEUVER z TURN then
TEMP GS:=MO OF GS*BUI IDUPFACTOR;
if TEMP GS 1-.0 then

TEP GS:1I.O;
end if;
TGT HEAD DOT: SIGONCTURN ANGLE )*G*SGRT(CTEMP GS*TEMP GS-

1.0)/TOT VEL;
etsif M4ANEUVER =7WEAVE then

GOHORZ:zSUILDJPFACTORTAN(ACOSC 1.0/NO OF GS));
end if;

end if;
end if;
if MANEUVER z TURN and FSTART MANEUVER then

if (ASPECTC1)+TURN ANGLE)<0.00O then
if TGT HEAD ANGLE>ASPECT(1) and TGTHEAD ANGLE
F INAL HEAD ANGLE then

TOT HEAD ANGLE: =F INAL HEAD ANGLE;

TOT HEAD ANGLE:zASPECT(1 ).(ENVIRONMENT.Tiine-START TIME)
'TOT HEAD DOT;

end if;
elsif CASPECTC1)+TURN ANGLE) -2.0 * PI then

if TOT HEAD ANGLE<ASPECT(l) and TGT HEAD ANGLE >=
F INAL HEAD ANGLE then

TT HEAD ANGLE:=F INAL HEAD ANGLE;
else

)GOT HEAD ANOLE:zSPECT1)(ENVIRONMENT.Tine-START TIME)
'TOT HEAD DOT;

end if;
elsif SIGN(TURN ANGLE)gO.0 then

if FINAL HEAID ANGLE - 0.0 and TOT HEAD ANGLE >=6.20 then
TGT HEAD ANGLE: zF INAL HEAD ANGLE;
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elsi f TGTJ4EAD ANGLE-F INAL HEAD ANGLE then
TGT -HEAD ANGLE :F I AL HEAD ANGLE;

else
TGT HEAD -ANGLE:4ASPECT(1)4(ENVIRONMENT.Time-START TIME)'

TGT HEAD -DOT;
end if;

else
if TGT HEAD ANGLE-=F I AL HEAD ANGLE then

TGT HEAD ANGLE :zFINAL HEAD ANGLE;
else

TGT HEAD -ANGLE :ASPECT(1)+(ENVIRONM4ENT .T ime-START T IME)
TGT HEAD -DOT;

end if;
end if;

etsi f MANEUVER a WEAVE and FSTART MANEUVER then
TGT HEAD ANGLE:zASPECT( 1)-G*G HORZ*COSCOMEGA*

(EiVI-RONMENT.Time-START-T ME))/TGT-VEL/OMEGA;
end if;
if TGT HEAD ANGLE < 0.0 or TGT HEAD ANGLE - 2.0'PI then

TGT HEAD ANGLE :=DEG TO-RAD'-REAL( integer(TGT HEAD ANGLE
'AD TO-DEG) mod 360);

end if;
TGT -VI NED01):=TGT -VEL*COS(TGT -HEAD -ANGLE);
TGT -VEL -NED(2) :=TGT VEL*SINCTGT HEAD ANGLE);
TGT -VEL.:MAGNITUDE(TGT VEL NED);
TGT -ACH:TGT VEL/ENVIRONMENT.SPEED-OF-SGUND(-TGT-POSNED(1 )(3));
if KTGTS - 2 then

if MANEUVER a TURN then
TGT2 TEMP ANGLE :TGT HEAD ANGLEeTGT2 ANGLE -P1;
TGT POS NED(2)(1): TGT POS NED C1)(1).SIN( TGT2 TEM4P ANGLE)

TGT -RANGE(2);
TGT POS NED(2)(2) ::TGT POS NEODi )(2)-COSCTGT2 TEMP ANGLE)'

TGT-RANGE(2);
else

TGT-POS-NED(2)C ):3TGT-POS-NED(1 )(1)+SINTGT2 ANGLE)'
TGT -RANGE(2;

TGT-POS-NEDC2)(2):=TGT-POS-NED(l1)(2)-COSCTGT2 ANGLE)*
TGT-RANGE(2);

end f;
end if;

end COMPUTE;

function TGT-ASPECTCRANGE-VEC: in VECTOR) return REAL is

ASPECT :REAL;
begin

if RANGE VEC(2) /z 0.0 then
ASPECT :=DEG ITO RAD*REAL( INTEGER(RAD TO DEG'(TGTHEAD ANGLE-

ATAN(RANGEVEC(2)/RANGE VEC(1 ))))mod 360);,
else

ASPECT: =TGT-HEAD ANGLE;
end if;

g return ASPECT;
end TGT..ASPECT;

end TARGETS;

-Environment Package

This package contains procedures to set atmospheric conditions
-according to attitude. It uses standard temerature and pressure
for each attitude zone.

with MATH; use MATH;
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package ENVIRONMENT is

procedure SET TIME(
NEWTI4E : in REAL);

function Time
return REAL;

function AIRDENSITY(ALTITUDE : in REAL)
return REAL;

function SPEED OF SOUND(ALTITUDE : in REAL)
return REAL;

end ENVIRONMENT;

- Environment Package

-- This package contains procedures to set the time, return the time,
-- comqute position and gravity vectors due to the earth's curvature,
-- and set atmospheric conditions according to attitude.

with MATH; use MATH;

with REAL-MATRIX; use REAL-MATRIX;

package body ENVIRONMENT is

SYSTEM TIME : REAL :x 0.0;
................................................................................

................................................................................

procedure SETTIME(
NEW TIME : in REAL) is

begin
SYSTEM TIME := NEWTIME;

end SETTIME;

function TIME return REAL is
begin

return SYSTEM-TIME;
end Time;

function AIR DENSITY(
ALTITUDE : in REAL) return REAL is

TO : constant := 518.69;
RHOO : constant := 2.3769E-3;

HI : constant := 36500.0;
TI : constant : 389.99;
RHO1 : constant := 6.9443E-4;

H2 : constant :- 82000.0;
T2 : constant :u 389.99;
RHO2 : constant :x 7.8931E-5;

H3 : constant :a 156000.0;
T3 : constant :a 508.79;

Al : constant :* (TI - TO) / HI;
A3 : constant : T3 - T2) / (H3 - H2);

INV TO constant :a 1.0 / TO;
EXP-O : constant :- -(G / (Al * R) +1.0);
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EXP-COEF1 : constant :x -G / (R * TI);

INVT2 constant :z 1.0 /T2;
EXP-2 constant :z -(G W A *R) + 1.0);

RHO :REAL;
TEMP REAL;

begin
if ALTITUDE <Hi then

TEMP TO + ALTITUDE * Al;
RHO RHOO REAL(TEMP * INV-TO) **REAL(EXP 0);

etsif (ALTITUDE =Hi) and (ALTITUDE <H2) then
RHO := RHOl *EXPCEXP -COEF 1 * (ALTITUDE - Hi));

etsif ALTITUDE M2 H then
TEMP :z T2 + (ALTITUDE HZ) * A3;
RHO :=RHOZ * REAL(TEMP *INV T2)**REAL(EXP 2);

end if;
return RHO;

end AIR-DENSITY;

function SPEED OF SOUND(

ALTITUDE :in REAL) return REAL is

TO : constant :z518.69;

Hi : constant :~36500.0;
TI: constant 389.99;

H2 : constant :~82000.0;
T2 constant 389.99;

03 :constant 1 56000.0;
T3 : constant ;~508.79;

Al :constant M=(T - TO) / Hi;
A3 : constant :: MT - T2) / (H3 - HZ);

TEM4P :REAL;
SOUJND-SPEED : REAL;

begin
if ALTITUDE < Hi then

TEMP :z TO + ALTITUDE * Ai;
SOUND SPEED := SORT(GAIIA * R * TEMP);

elsif (ALTITUDE >= Hi) and (ALTITUDE < HZ) then
TEMP :=TI;
SOUND SPEED :z SQRT(GAMMA * R * TEMP);

elsif ALTITUDE - HZ then
TEM4P :z T2 + (ALTITUDE - HZ) * A3;
SOUND SPEED :z SORT(GANKA * R * TEMP);

end if;
S return SOUND SPEED;

end SPEED OF SOUND;

end ENVIRONMENT;
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